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[ 1 1 X-fT 'J >-^(C«SWiflt 2: WJP 

t. 

mi b tmes? t fraEttttmsnre t nmmz 
^x. mimimzmmt&fcihamimfflwm^t: 

tfxoffl 2 S:£j£LTft:frfl>Sfl2 ig»$ijffll 

m^onmb. 

tx v > mm i KNUHwa^t^n vmt. m 
izmzmtt&fimiivmmmmk&^&zimbtfiaiL 
x^z m^iza mrem 2 nmijvMs^ic^ wis 

£^xi$fawmk£jEmm&tc\mmfflrr&%M)Wt 
mm&b. 

tffii. sia^w-xf-ry >ym.WLX'fo^x, 

■^uimmMm^m^M2mmmm^b ix&ji 
■ttzb ztmb -r 6nwss 1 iztmcomm'tv-XT 
rvyr&st. 

x>vi>xm&mn*£& l x&Jrt h / wxnbbhb 
v ^tti mmmtz miwvxmsimm^b 

LXtiHr+tZ b ZftWlb-t&ffi&m 1 izifficonm'* 
[000 1] 



-r smi&^-x-fT y y^aicn-r & . 

[0002] 

[ss#co&«] mt^y-x^r y >-^gat±, nmm 
<rmmn sr w lxy^A) «ojmwj * r J'X h -t 

Kmsib h fr?m<,zm~i\, >t k& ttz b smss t £ 
mw^v-xf-ry y^mmt. mt&»maifc£a#8?> 

am* 7 4 - h 7 it v- vmw tx v \& . 

[ 0 0 0 3 ] «i» . *BiUBAfcJ:*«fHH t l 1-4 
9 0 0 2^&fBCt4» a^B#tc<i7 4 - H^'-y ^©JffllSr 

ymzmsi h)V7*mv?htzMz , mh%kb zcowm®. 
izm^izm.ix h mutisms £ tk&~t& mmmmm.mtasii 

Zffiz.&bb biz. XTTVyyJkO&f&hWZmiii 

-t&tz&>\,z®sfoyfr?i®.$>!&zffiz_h. zlx. m®'* 
"7-x^ry yy^mt-. b t>mt&h >u? izm-i 
^xmm&izmnrtz, B&msssrt&s&t-i. asms^s 
w>*mth. zt>iz. flao^-v-xxryy^aji:, 

mizm^xmsmiw&fflwt&tzitoom 1 mmm 
m^zz&'t&m i iBKfifflifS^^ge&fiii.^ b b i> 

tc. 7 < - Y v * V- PMWSIC > BS«SSEfc*-^v^T 

mm^.miam>^.m^mm tx v ^wigs 1 » 

#d$£fcaj tTv%&^tti^2S!iJi*iJffli«-ttc«J'5# 

tftmmzi±?& 2 rancmfli^s^v ^7^-H7=r 

V-YMW*'fio . 

[0004] <=>5:^C mift^V-XT-T'J 
li. 4lOTET(Field Effect Tra 
ns i s t e r : tflMh?^^) 

.y^HIKtCioT. miJflSfcPWM (Pulse 
W idth Modulati 

<7>FETEit l zw.mz&*timzti&. tlx. mm^y 
-xf-Tvyy$mi±. v ismm* t>wumz 
n$mws£&WML. ws$}®.wm.z%.i.xn®mt:iEm 



I 



r 
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U 5 -y 7 =y 7W<7)*Si|g*|6)OiiB 

«j . < 1 > iz*-fwi!j®m&. wMmmsz 

WBEI4. WMRfcliW63 (* ( 1 ) <0I M • 

[00 05] 

[ftl ] 

VM=IM-RM+K-N (1) 

vm : mumrnz 

IM 

KM : «M«<Z)&£Rtt 
K : 8jtS*J£«« 
N : «Wi«DlHHBa« 

[0 0 0 6] ifc, x=?TVy?3kX'\i. WMLX\i& 
fttfM&ZtiX^Z,. *<?>tzth. A*rT II yf&lizii, 

[0007] 

mzo&tbw. mmmtiizi^x. nismmEE^at? 

9 y^^aTW<7)lffi«Sr*H#fLTV^. -e<0^ft s 
S?iSL?t^ ( 1 ) 0>6W* J: p (= s i£jg«;>jj&ft (st 
( 1 ) <0K • Nj£#) tfOi:^**. 1Eift&mEVM# 

mat trjsmgs (putr. 1 2 0Agj£^mss) ^ 

? ftjffli 1 7 4 - H 7 * v- FSW^d £ fc#"CS 

<r>i%Mz\m i rawtrnt-f-s 7-<-K7* , 7-f 



■cuwa Lx^hwmmwzm^< ?<- YXvtvm 
izi^xmffiSfmi'ffozttfX'Z&wz'. msnsLt 
LxmnztizmfticDMtomz&Kwz&z tw* 
s. zcoKtb. -mmizmfflm.m.t txm^^mmm 

SSaWi&^U FET(ctFET?:©S-r«,Sc7)Pra 

mnmzm i nmflija^tzj: *rawafc»u-c 2 0 
%mt?&t. «a«c8 0A<7)ffi«)mss^au^i:L 

-rosgiS^v-xxr i j y^mt, 7<-V7* 

* ( 1 ) «SBiB«*Jfi» (K • Njfcft) 
*W#«LT, SSma«-tJ:0^#^m2IBftSfJ« 

klt^scot\ mmimmzm^<y 
Mi l z&^xmm*mzfio zttfX'Ztt^titb^ wnm 
mt ixmtozti&n&nmtiamzi&Kfiit&zbtfX' 
ttzw->x. wMw-xf-Tvyymmi.. 
mmmjii&tt (*(i)<ok - n«^> *<ot^&i:. 

an^S:^2iM6$)jfflifi-^cc «t iottadt lxaq% 

m&XlS&mmD&ftlz J; 2, a^«siE*^Oti»Sr 2 0 
Afc-f&fc, mtttlCl OOAWg^eSESrgJEtfctL 
T, BiSfgSEt LTI414 0At^S. -e-cyj^m, zco 

mm^y~x^T'jy^mmx'i±. 

*Jfflicy)*&. ji^JHmsSK: J: oTFET &JK« LT 

[0008] ZZX\ 2js^<7)g|ffl{±. 7 ^ - F7 * T7 

-hwmk, m.wh&Y7yi;x?<mm**mzffi 
ifcthmmw-^T-T u y?mw.$:W;m-h z t \,z$> 
h. 

(00091 

But Biaii^mam^ t <o«inc«^>, \r , mswmz 
t» i!riami6«ss-^»r&^«><?5^2iEiji$ijffii(i^s-4 



t 



r 
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mmmmmmmzni*®. ztmbmrnLx^hmt 
umism 2 mmmmm^izw •? x m zmm tm 

cowhmwm^izm^ ^x , 4 lawm*^* t- ? v v*. 
fxffi&itifv vvmmz £^xmi , mms:iE%m 

-wj^ttfe^T, msm2msmmm^co 
m;mwmt$>mm®zffi*.&ztziimi:-r&. z 
(omw^v-xf-r y vy$m,z xtuti . mmmz x ~> 
xm2 wmmwm^cDm±mzMm? h zbizx^x. 
m 2 mmmm^iz&ji, \x wmrnmz tiz>msmm.(o 

mmz 0 iz%~> xmmwsi t vxmmw^mm ix 
t>. &2wmfflwm^cowckmmizj:'ixwMmiziz 

k-vm^mmmh.*^. m2m®Mwm^<oM. 
xmzMmT&tii. m2mmmmm^i l zm^^xmtt 
mmixzmm&izmmbv.tiLzmfcmj.TtL. s 
h tmiw^F e T\<zwxh mfflms&cowckmzMmt 
hzkx-bh. ttz. z<r>m%Mi±. w.2wm®mim 
izi&msm&tfmm'gMt vxm^tixh. z<o® 
mm%Ltf&mz f e t zm.m t ^m^mxr^h x 
0 tis^s ixfzmvmmomjzmx'&ti&i: v\ mi 

mLx^hwrntXTt-tz xoiz, mim.mz%&m 
<ommmz%i&Lxm2tmmwm j 5<om:mz&%.-f 
h ) . *>%mz, isisms&K&sigtwiairaw, •mm 
<w$m.mzi. ->xm& hnx\ ^vyzmmzx^xim. 

tooiouit, msms^v-xy'T y yymmz 
is wt. mmmmt. mzm2Wfflmm^<om«m 
Ktm%m.mimi.. mzw§mMtf*;z^t$r£iz\* 
mmim$L z mzm 2 mmvmm^ t ixtHji-tzz 
timmt-tz. z<ovM'*'7-z.TTv>?'mmz£ 

mi,zoiz%->xi>. ®mmz}:r>xm2wmmm^-<?) 
m§m&tm%mmiTi,zmm-t&<nx\ zcommmwL 

StaWlS. *<9*§SL FET«ifi»g-$-.g>l5fc'c7>j&*: 

wm^iz x zmmttffitmffim.&b txtmaziix & , 
c comumm.tfi&mz f e t zmm v %majiuaT^ 

*m&n%m?iz . m%.mfii z s o a £t&rr & . 
[ooiij £>&v>{4, iiem»/''^-^T-r'j>'^ 
wizti^x. mimmmsbmi. mzyv 

w&fflw*:- w)m%frt><r>m£mwm^izm^x^ 



imzffiz-. mmmmi. mm&miiisitfmim)) 
mmmitii^mzi&mb&iiiiix^zifr&izit. 

w-x? r y y^ficiftif , 7 -f - k 7 * -7- h 

T*L*>tgtM»£PWMg^L£v^tf> % mt&SUciidtf) 

7- >j v i J®mzmazti&mmmimz%!£.Lx&%.-t 

[00 12] 

h. 

[00133 *wmz&z> linv-^fr u 

MRsgp-css 2fm®wm^nwckmt:mm.-? h z b 
izx-ox. 7<t-vy*v~ FUfflmzmshmrimmfi 
mz oiz*c-ox imm izm 2 mbummmz x mm, 
m.tfmntxi>. znwfflmfavwckmmm-t&zb 

<o±xco f e nzii „ &kmxrt,zwm § ti^mmM 
t,zx-ox&jzmMmztit:mmn%L&mi&. * 
«wri4, m2mmmtmcom±mmmt?>^&. 
^m&mwi^commmfa&m&wfaWFb-t 
f>zwtm2m®Mwm^i l zm~j^x$ifozttfzp 

[0014] 3|sSQficOJg©tC^.&miJl>'N , '7-X7 i r u > 

®m®£ffitz>bbhiz. m2m$)®mm^*ikf&-tz 
y i-vytv-mwttzffit. z<r>m\wmwm 

^b%2 IgtMHJtiPfl^ b TtW®^- HflMMKc «* oTlB 

f-r t> > ^jisti, p wMfi^£j£gBfig 1 raummt 
z commmn mm^zm^ ^x 7 0 vwiz 
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&n i e&sHmnt . *%*mzmhmm* pwm{i 
[ooi5] tt. m i £#skuc, mis^'y-xf-r 

'J y^SS 1 <0^fWtfR(cov^8«Wft. 

too 1 63 €!6^"7-Xrry>-^Sl<is x-rT 

y y^sM -^3 #>£>*ftflfcf6w, w^sxf-r y ^ 

*Sfc«;l«u #iWt^^*S2fcJ;l»l*ff£^5r 
1111 fM9M2 0?«ftfKEVM£%£U 

mft«mE v Mtcj; xmmm s^mmtx m$mt& h 
it. miM&8#, mnmxcowzw&criwMMiztt^ 

[0017] #»iMfc#»£#R2ti. xf7'j y^* 

-f -/I/ 3 fc-flefcSWtfefufc.X^T y >-^4 tCggjfjll 
5 Srrt- L-C-Xf-T 'J ^ • "¥TjK -y ^ X 6 P*5tci6(tJt 9 
•y^&f^>«l1«7Wf^>j->'7a*ijilS$^S„ & 

9>y^&t-^-^a7ti. e^^7a(cng^ 
-&d5-y^*7b*>'5'y^W9t3^$<X. t^V7 
aty -y?&7 bc^mX-S^lZX*) . t^:*>'7 aC9|s] 

$e3HJj 2- 5 -y ? tt 9 o^ifij ( j£M«B;fr ft ) o&jg31i2j 
H 1 0 . 10^U. LTO^coOTSW. 

wt. wcomMf&ftzmzt&tztbiz. 7«,?n9co 

[ooi8] ftz. vm^v-xr-rv y^mm 1 it. 

mm®* mifthtv?) tmL^t&tiMz. mmrn 

>V7-7stTV y7$m. 1 it. m»8c/)@«KSr7>y^ 

«i9fcH«itcRft^njtJff-;^taflii l^LTft 

*fc55S*U Clf5i6^S:5-y^itt9 (*-;Hatttl 1 
a ) fcftffl $ * . ttMZ . 7 -y ? Ml 9 ^i&tf fiff S 

u&thyt (®KtH*) iz&^ximisixht. mm 

[0019] mm^m.2Q\t. M^y^vs. m/tv 
/^■tytTs, inMs«ffi^a5#g2 i . vmrnms. 
^aj^a2 2*^£7)«-«iaift^-v. t, imo, vmo 

tfAASitS. LT, 8«flP§S§20li, 

^SW^i-, tfcifjfg-ff-V. T. IMO. VMOtC^Iri 
XWbm8l,zm- VtttMSK I MfO^S § bXfoZfcfe 

u ®m*:-w)w&3 8i l z'miwmfflwm^c 1 $rai 



mmmsiz^tmrnmrns. i $ t^ft**^ 

U $m : £-} t im&3 8lzm2®®fflWm^C2t:iii 

x-ti (02, 05#m> . zlx. mvmw.2oi,t. 

«IMlMSBtftffi^S2 l*^i^/jE^(c^v^-C$iJffll* 

- 3 8 T-m i raunmrec 1 1 m 2 mwmm 
m^c2*mmz.x. znwmwwm^c 1 . C2t: 
g-^vtmwsira&aiu Qfrhnm%k8i,zmM®mzv 
Mzevrnth (02, 05#st) . *mm<7)Bm 

X'lt. mfc V )V9 -fe ytf T S *^rF»*<0KH{C|B»<y) 
*m V )V9 -fe y^fcffl § L , «ntK8Btflffi¥S 2 1 1fi 

®mt*nwmizffl&<n&m%m%£^mzi&%-t 

[ 0 0 2 0 ] Srfc, % 1 «0^S6«O^©c0$iJ«gi;2 0 A 
it. 7 -f - K 7 =r V- h'^Jffligp 3 6 <0f^g(c|g»ima[$fJ 
RRg? 3 7 1: M ^. , iBimSBWffllgp 3 7 "Cm 2 iB»$iJfflUi 
■^-C 2 wigiS^SSSrBr^gEM I OTtcMIlt, m&« 

■5. (02#,^) . ffc. m2comM<?)&mcr>®imiW:2 
0 Bti, P WMfi-f^*«4 1 COfSStCxjL-X -f JtS<J 

^ss4 4 €»amsK^a3#a2 i*^^^- 

Cfa-f -f Jt#JRg§B4 4t'PWM(i^7 f a— f -f Jt 

r»fcie<9iiiBi«atf3ft*fttiwR'r* (05 #ra> . 
[0021] wm^yyvsit. $mismvmmt: <o 

r^D^m^fi^S-^aft^Vi: LT*Jffll^S2 ot^ 

<if -2.. ^fe, m^-fe>"9-vs{4, mEb^v-xxry 
[0022] t*»eww7-fe>--»rrste, xtruy/- 

a^m^«#Sr^h;i'^«-^Tt vxmmmm.2 oiz 

^, V)V?^MtW!lY-)V7<?>?yX&/'?41-xmX' 

[0023] mtsflstg85&ai#a 2 1 mmmsizn 
LxmmizmmztiKmittzitK-ti'mTmzffiz-. 
nmm.8iz$mizw\&mxmmffi. 1 m<o^# § t^nai 
sr^aj-rs. -?-L-r, «uj^ma^ai#g2 in, mm 

[0024] ^i»«mffi^aj^g2 2(i, ^tf)«8cOM 
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wwmeaw-v m o zfflw$m 2 0 c&ftt& . 

[ 0 0 2 5 ] friz . H2 i«HLr . is 1 <r>mi&(nmm. 

mmsm. 2 0 a to wcbmw-4 . M«m 2 0 a 

14. «i«Jg&»SP3 0, •by^M^HJgP3 1 , m 
tt***3 2. JSM6M^*iE*3 3. B*«atR£|ff 
34. 7-f-hV-?.yi?0J«fS3 5. 7^-H7*«7-1^ 
$OTg|53 6, BU«aBHKffi 3 7 . tWP*-HflWiB3 
8, r^xh*jh»3 9*J:^WWHBIWf4 0*'4>«l 

«t6«»gP4 0«i, PWMfi#£j«»4 
1 . y- hBttHBff 4 243 J:tflHHHRHQR4 3 S 
mth. 3r43. MfR12 0Aa. #SSt**WI«* 
fi^CPU (Centaral Processing 
Unit) fci 2 Sfctc* TJjfl^ 

mM\B\$m£ffiz. & . &43, *5afcO#!BrtNi, -fe^- 

Affitttnis3 1 ^ttnflt^conntcEttoikMEttffiiRtc 

SB 3 7 * J ^ff fft^cO&fflOfit^ 1 43 4 tfifcfcJS 2 tie 
*«MRS»fcffiSU IMte-Kfl^38jW«Fll* 

oP4 0 a^i* » «o^(de»<n«M»raHK(cffl 

[0026] «»«^«}a^gi!3 on, mmms^mm 
*S2 1 «>«>o«immstfi^ 1 mo bmmm&.m$, 

#82 2 OlgfijfiS^EEfl-f- V M OtfAJlZtl. Wh 

st Lx±yv-mmum3 ltwcm*-*-*. 
K?KffSP3 014, netfe* < 1 ) tat^x, tw 
issft-t 1 mot mift»mE<t^vMo*^ms)««oifli 

wasBrca*) . «imiinEauK&*Rs 
C0027] -te>-im?ittfcajgP3 1 «, $a-tytvs 

tMCSEA-?' I MO . «ttflRCJBBI*tl&« 2 2A^cO^SS 

«imjEE«-t v mo t 30K <omwm 

tz , S &tt3GR£ffi 3 4 k 3 2 fc&JJS-fe 

awrev, m*rtg«dSfi^iMo. «mraflEii#vM 
oti£vwMwmfcm&.m^Rsm$:m.i&L. &«<om 



m^^3 1 (4, tiurasKflre- i Mo*>^>miws« 

2 l^WS^MCttttaK/Wi: LT 1 * { l&£$4x. 3E« 
«#fctti^!^l'fcL'C0tf*ffc£3;h.S. §£>(;:. -fe> 
■9-«M*ffi»3 1(4, #ft-^*^»a-b V S . 4Hft 

8 2 1. 2 2434: WSfil3lJK«»gP 3 0 

2i. 2 2 43 4 vm®Mm.Mn.® 3 0 ic*t txiwi' 

lA^lSSgSft, IE»^W40* J i6^SitS. 3:43. -by 
-«WWUtt«3 M^fi^SA43it/M^-lr>"t« 
SdWfgS S ttumt*^ V (BSW) 
0JtW^S2 0 A*qpfSi9S<X3t^FtSI»«#SA43«};^ 

[0028] mmm^U3 2«4, -fe^Ms^aiSP3 1 

tMise-^tt , *»-fe y -^asijwfs s s (=%^v , -aj 

wcaj^t'^ & hcoco^izit^-ty^commmkb 
Ls ^ra^^MS^wi^reaj^s^^i&^y-^xri; 
v^is 1 <7)&?if/iE»£atfj-rs i)<o<o*-&fctim«) 
/tv-^fru 1 com^m^b-th . 

[0029] }*K WW^«jE«J3 3J4, JSDSM^-feV 

^3 4te*BE«Jl6h^«#TH^{i}*-r-&. *<0fc 
ftK. ^fl£h^^1iIEgP3 3ii, lbffW3 3 a, fflfU 

3 3 b434MP»|$3 3 c SrCltS. Jt0«gS3 3 a(4, 

tv?m^Tiizmi&m.ni,. tmmbtxumm 3c 

fcawrfs. «^gP3 3 b«4, S96h;u^«^-Tcoii5^ 
L, mr»-«kU'CJnS:g63 3ct:aj^-r&. *>^fc, 

tSf^ VX v^S«^W4. H 5 ^'(c4 
^«)A>4xTV^^(47-7Xffii:^0, «flth;W^*<- 
^co^c{40t^0, ^h;^*<||ft<i4x-Cv^mc 
<4v^^ffit^r&. ^yo, «^{4, K5-</Wxf 
T 'J y^^-;W3 S:£^l6]^igf^LTV^^tc(4, 
K9-f 4 S^fP h *%46 V \h ^(C(4v>f 
•^Xttk^O, ii^h/^^-^<7)^{c:J40i:^0, tl 

mh^tm^^tix^^zitr^xmb^h. tun 

SP3 3 c{4, Jtm3 3 a*>4,cOit^tm^-SP3 3 b 

*^^a^ii5rji«:t, miEmmht^m^THbtx 

ffi7J-r&. ^r43, fflIEtafl6h;l'7{i^TH{4, At^Sr 
*rtfflEm&htU?b Y)V7<r>fa%*TFtY)V9-fifa<r> 



t 
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M-ras. <£mt,zfotx. mtm&mixm 

flSWt^ft^TcOSfl-JgSrfggU StfJBfcflD&g? 3 3 
cT-iDSL-Tt J:V>. 

[0 0 3 0] Bfl[«SKR£«3 4ti. t£fl6 Wl^fluEgB 

3 3j&>^ffijEi£flSh/k7fI^TH, *^-fey9"VS*> 

35i:7-f-H7^V- FMffffi 3 6 (C B^«SSfi^ I 

TSrffi^-rs. samtflm I TICU, 1£SS«8 

(c« l v itsta* s § * i sra t msm 8 tcs 

b^WjWtefrfo-C**. Bm«SElS€g?3 4{i:. ROM 
(Read Only Memory) ^<0ieit^S$r 

m&m^v ZTFuxtLx nmth s mm.m.m^- 1 t 

@ S«S5(i^^^r - 7)V(0—M Z5<t. 03 

^THtfo&mx'Hoiznm^ihti, m^msM^. 
T\i<nmMi l zu-oxmsarrhm.i,znm^ j t(>ixh, 

&&mu.-fht:>toi l z&m<7)t§ l &iz\i'bz^m. (wtm) 
timfo-iifbtix^z. ^i). *a?* { ^a[^i>J5 
t\ ttjEnfch>i<?m*7THt l zm-z>mmmfi$.m*§riT 

cmft (nmm tea. nwmmm 

T<i. mM8jS£V7'V >y ^ESS4 3cO^*y-F ET 

4 3 a~4 3 dfcsS-f <! fc*«T'l= .5>**mSi[#«5g$:h. 

[003 1] BSm«SI^SP3 4J±. s«-fe>-ir 

[ 0 0 3 2 ] 7 4 - ?$WSB3 5ti. I 



jgss 3 4 a^asmssfi^ i t 

2 1 a^o^wflsmssfi-f- 1 mo#a:*j$*u ©j^- 

H«J#SP3 8{C^llBiWJ«ft^Cli&ai^-ri.. 7 4 

8Sffi-^lMOi:co<III* i O{c;jfi-^<J;dt, PID (P 
roportional Integral Diff 
e r e n t i a 1 ) MttSflfc* lSS&iWWfl^C 1 2r 

fflUjlWSP 3 5 a t P I D#J»gB3 5b£{t*.£. ffig 

anew 3 5 att, WMijfc^uty 7 Mgn^iswiiffiS: 

mt . ItWrafif- I T36»feWWi«t«-9- 1 MO Sr« 

*u imt a 1 m (-it- 1 mo) saw**-*. 

P I D#J»g&3 5 b<i. «H3l3tgB3 5 a*>i5><0«IHs 

fMMtsup atm) . 1 (a^) *>ii/D m 
iiiii8(cflww*«a[*iw»r*fc*o» 1 wmmm 

r7xmiZT>-z.hi]fttfttjfaX'$> r ). ~?4±xmt 

[003 3] 7-f-F7*7-Fi&Jf5PgB3 6«:. 

sfiissgP3 4*^coBg«««^ i T&xjjztx. mm 
m^.mm^3 7i,zm2wmmmm^c2i:m^-th. 7 

^-K7*7- mWB 3 6 1±. MIBL-^ ( 1 ) (=« 
"tWWS8«HW=J:4jfflB«*** (* ( 1 ) OK • 
Njft#) (ci?,«tt«BEVMcOfB»S:#JtLT, 1© 
mSgfl-^ I TJ; ^:®2rm2iElWlffllfi^C 2 1 L 
X&Jfrth. B«m8iEft#ITS:'c<r)*^m2 

mmmm^c 2 1 u>t^» usasoiaiisicio-c 
M8(o®mz£&®m%.w$:%&i.x. smmmm^r 

I T(Ci£ie^(CfflS-r&mS<omg£fflSraDl:L, »2 

msmmm^c 2 . -e<ofctf>c 7 < - 

* V- PtftPS 3 6 <i , 5Sie«7Ji^gP 3 6 a i: JoflCgB 
3 6bS:«|AI.. 32!eS7ia^gP3 6a(i. ROMf<0 

mfewmmmx'ZimmjjmMcct: 

«i&»8(0!Rn4^$r#^;LT^$ix.?». jD»SP3 6b 

m.m*3- 1 TcoBsmgEt-isem^msEc c $r angu ^ 

2|gtt$iJfflIfi#C2 2:^-r*. 5rfc. m2igi&©JSIfi 

sss k s izmtz-t & mm.n ^t%mjjm<n 
mx-mn. T-yxmMT^xyn^ws^x-m. 

[0034] mWMti5.MVm3Hi. 7<-V7*<7- 
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v®m&3 6ft>feo$2inM9Mrec 2*<atj£*u 

•HH*-l<flW«3 8fc»2«BWWfllS^C 2coWSSm 

6 . BttttSKMIBffl 3 7 li, ttMMSKflt? 1 MOlcg 
o*< ft<^7 * - H 7 =r 7- F$W*K;:mtS$ 
<^HI^* 5 ll{C0(C^-5T^2IBg|$iJffll«^C 2fcJ: &gg 

FET4 3a— 4 3dfclSISI®8StUT^y— FET4 
3 a~4 3 d £®i8^S<2tV>i§*&^a*j^&<0£ 
l»jtf S fctf>fc , 2 BUMMI^C 2 cogBUmffi SrBf 

VMM 8 «EMg**.flUcjt * 6 t » 8 oBtif A# 
0 7 * - K7 * 7- K«0»cO*&fcJii&]fj«I 
fu^Stei-^T. 7-f-F7*<7-F$iJ{8lgP3 6A>t, 

com 2 rawnmrec 2 oroi&as[{c«o-< wmmwe 

-tcntztb. mULftt ( 1 ) J: 3 

SSffigS I M*^fSifi±i &6 . -f-LT, AV-FET4 
3 a~4 3dfctR|a«8SEt LTjfiA&^SS ( 1 2 0 A 
JiLh) Wmtl&tltb^ A , 7-FET4 3a~4 3dJffi 

2<vmWM%l*ffifeW$iM I OTi: U AV-FET4 
3 a~4 3 dlZffiix&mffi9.%.<7)Wckm*WmtZ . Bt 
5£ffiS8MI»±. W-PET4 3a~4 3d©SrS?K 
J: oT^'V-F E T4 3 a~4 3 d S-«5«tc^L^rV^ 

mnmm^z o c^o7t^ic^2W»i$iiwfi^c 2 

£OitflQ^fc>''?7-FET4 3a~4 3d£®iig 
<&*K 3fc(cftt2RfMMfl<reC20KMTOM^ 

[ 0 0 3 5 ] mmwaam&3 7ii, m^msi 

l£^gP3 7ai:igKi^gr t JtKai3 7bSrlt^&. J5T5g« 

istM i zm§smmitim3 1 bicaj7rr&. Kimsut 

SP3 6 *>&<D#2ggi&jH$<a-9-C 2<0|gl&m«teit«-f 
S. tE«jmaUtKa!3 7b»i. 

- 6*^(7)m2lBil$i.Wfi-^C 2<0JfgiJjmg£ 

AWJglgSSM I J; 0±^V>^tc« s m%WSM I £gg 

■WtaktT*2B»IW9P«9C2*4|RU 
KflfflMB3 8tffi^-ri». flirtf. WmSSUtKSP3 7 b 

ii. 7 -f - K7 * -7- Kf8Iffl>g&3 6*>£>c93l2|Bg!i$fJfflI 



ft-sfc 2oiBi!im8s* { Rif^m8r l M 1 jaT«o%&«4. 7 

-f - H 7 * 7- HMM* 3 6 *>4>Olf5 2 SBiSftJWt-f-C 
2 * *<9* H^JSSP 3 8 iZftjiT h . 

[0036] VM^- TOWS 3 8ii. 7 < - 9 

mms 5 frt><nw, i wmmm^c 1 , BmramifR 

S53 7*^<7)|g2|gi!l$(JfflIft^C 2*Jj:t*fe 
ajgm*^<0tl«fI^SA*<A7J$*U WHHOHV 
4 0<?5PWMfi^^SB4 1 (CigftSiJtiifi^C SfctiW] 

■r*. »jffli*-K«3#gp3 8(i. mrasctkffi^a2 

««B*a 2 1 *«S^O^(C{±7 -f - H 7 ^ 7- FiWffll 
{wm*&«8<0$(l«l^flj'9#^.5. -t^feftte, ©Jffll*- 
Hfl]#SB3 8{±, R^ft-tSAOt&SK/^'OcO^ 
_ lc«i7 -f - h7\'. y 7$iJffllgP3 5*^ OH 1 IggjIfJ^fi^- 

c l S-lgiSfEOTfl^-C St »#fi#s AOHffli^ 

mrn^c 2 zmmmm^c s 1 1 . pwMfi-^^g? 
tt > mista 8 izmte-t h mm.co± « § £ ^-r setress t 

[0 037] T>>xhm±$s3 9it. mmh 
*»fc«o®a»isss[«# i mo. -fey^^ajsB3 1 

^<OM»«-^S Ai:S0P^-H«)#SP3 8*^C08ESS$fJ 
ffllfS^-CS^A7J§tt. y-MB»J[HlS&gB4 21CTV-X 
h^±fi-^SBSraj7J'r&. T^7.h^±g?3 9{±. 
ffllgfi 2 0 A<0^< ^ ><DC P U*<jE^Ct&f^ LT V •>£> 

£W5IU ^6»«8J^ai#S2 1 *»»»<o*S^mi« 

«:te. r>-7.h«jh^3 9«i, mmmm.2 o av>* j y 

t^r&CPUttigi|coCPUX'«lfflI§<l«.. 7^hS 
±SP3 9(i, fi^fl^SA^'O («Utl«8mffi¥«2 

1 ^Iffi) (O^tlJV-yrM 1 (04<O ( a ) 0# 
^) fc-7-y7M2 (04CO (b) H#Bg) t^O'V^Tr 

^xh^it«^u. muzm^sAtfi (.nmmmmm 

( c ) ia#B&) izm^TTis* bm±w%.*-r&. 
[ o o 3 8 1 t-r. mMmmmkm^2 1 
^z-o^xmm-th. r^xh^±gp3 9{d. romw 

ISSL/L-ls^h^^fi-f-Ttmi»«ai:BSfi-^ i mocori 

^Sr*-fV-y7-M 1 (04<O ( a ) 0#gfO fcil^Sffg 

2 (04<?) ( b ) 0#88) S-ieitLTV^. ? 7 7M1 
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mnmfino) o&mmw it^y-Tvy -0,3 

( 0 ) cTxSBIffijgg ) \$XtT 'J yfftj -)l> 3 IZtEtk® 

(o) *>jjmm) itmmmstz^mm^^m^^. 

is mmnwua ( 0 > othis$) imwrnstttk® 
^ftomssawi h msizftm-tz . ?'/7M iot*^ 

XhiMiMla, MlaJji^Mlb, Mlb(±. 

h ^ m^-T {c*t t x n * l < v ^mn&flsmsSfi-f- 

I M O O^J#C& i? . fflfflmS. 2 0A^-fy<0CPU 
SS-itfSiSM 1 a , M 1 a«u ^>'b->^$ijffll- ( ?^l!j^8 

}W£Sft&^tgO&&^T'&&£#>. ;«iicx-5 

Tt> 1 0 0mS*S$T'*>tl{fTxXh5r^ihL^">«^ 
TA£ (OjfcO. T^X hm±ffiftM 1 a , Mla(cl 
0 0mSia±Aix{f, TioAbZm±-t&) . T 
i--* b£lih®J$M lb. Mlbll ^yey^Jfl^ 

<7>mmz lmSXhX&tTi'XbZ Utih-f 4 «i^t-j> 
4. ~?-yy"M2ii. fflMmifobWm^TTh 

co7yxffl& mm<oi%& ( 0 > <D&mmm texf-r 

'J y 7*4 -)V3 l*Zttk\s\3jftlff)^Wlt$kffc h JV^tfXjJ 

(jutton^ ( 0 ) ttmmm \txr-r y x^;m- 
stie-rs. sa^fflifi^c s<or7^i« (am 

0>JMt ( 0 ) o±fflffl$) «m»«8*«feteiij^riiij^)h 

M2cor^Xh«it^«M2a, M2ati tmVii<9 

*> 0 . fflfflgiW. 2 0 AO* 4 ycoc p u «*g^T'J> & fc 

WBff#4««rC*S. -e-TT, Tv-XHUifc^ 9 
t±, -?-yTMlJ3«J:^V>yrM2«-^L. tl^h/P? 

rn^rT twrnm^m^ 1 m oongG&a*-? v tu 1 or 

Y%I±&WM 1 a, M 1 a.<r)m£UZ 1 0 OmSULh 
fci^V 77M 1 «T->^ hiiti«M 1 b , MlbO 

wmz i m s y±h . * b i^m^r t 

ISM 2 a, M 2 a OfUSCfc SiflHUiT S'X hSIiHt 

izmzur^x bm±m^-s Bnnmu^jvi: lx o£ 



tasgu y-MB»nis8gP4 2^aj^-r.&. r^-x^m 

jhfi#SB<o|giSW^./KO|g^i, 1tf£R£(cfR££*L 
r. y-MHa0KSS4 2e5HailIKwfllfiglPfc:^L 

WJg&fHi, v-yTMltJ;|,fiJ^##to^KL<, 
m«r^«g£^a5¥S2 l* { aE«o«^(c(i%f-?-yTM 

[ 0 0 3 9 ] ««i«Sl:S[»ai¥S2 1 OTMROtt 

^(c-o^TgjBfl-r^.. «»«m«^ffi¥S2 1*^«<7) 

C S tei * V -y 7-M 2 tfDfd^# £«L < L/iV -y rM 
3 (040 (c) H#.^) Srfflv>TT^Xb^jhW^ 
ff^ro. |iJfflllfi2 0AO>^^CPU^iES 

nLxnumzT^xb-tht^z. mm®mm^cs 
iz{im>m8t,zmi&-t&mmztt-?&nffij]fob vx^ 
w^fcb>v9<Dmu%ixx^&-n$ii} t Wi.fezix&. mt 

^-fmos*i6i*>'^$ . l*» u ©ipsia 2 o a<o 

3C0Mtt$t3 3bcr>ftfmzJ:^X . ^S^flth^Of'f 

Jp $ trc v -> i> ^ri6] c *t tT [*] c r ^ x b -r h tzth 

[z , igiMMi-tc s tc«mtm 8 tcttt^-r i> tssEtw 

*. Witt, YJAtWXZrTVvyitA-^^tt 

mzmttLx^&tf^mmbJV7&wbx^hw&. 

mti-M 3 3 b (c J; h M#9#°? Ai-xmiz^O. ffliE^ 

<o«!j® 8 Jctt^-t I. «SSt=*ti- « «8S*i6j^£^rifiiic 

(04<7> (c ) 0Oa^#Hg) . fcd^>*< s Wim 

W.2 0 aco* yoc p U*«S*<o«^fc:ii . WSfo v>v 

^m^Tiizm^xm^tihmmwa^c sobise 
^tiXt/mm^^Mz^^mt^h (04o 

(c) HOb^#M) . -f-i-C. T^Xh»±gP3 9 

CSORHSSr^-7«y7"M3 (04 O (c) ^ 
laiitTV^. ^-yTM3{4. 1 v~rM2<r>Ti/Xbm 
ihfiM2a, M2a(Cf^*>-p-C. M3a, M3aC0f 

mtr^xbm±m.®tt&. z\<r>r^xbm±mmM 

3 a, M3a<i. Sffg b)^m^Ti l Zf!tLxm.t. L<tc 
tr >fgi&©Jffll«-f-C S c?)ffl$X'b 0 s ©ffflHIS 2 0 AO* 

a voc p u*<^«T*2bi. tflBf-c* &mmx'$>& . 

T^Xh»jJ:^iSM3a, M3ali, -7.y7*M20 
r^hiitIISM2a. M2aOT^XhO«it$-|S 
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39*4. 1*96 h/U^fi-^-T^ IMS 

3a, M3acO««fc:J>^«^(iT^^h»±fi-^S 
a, Ma.l3M4)tttZliTisXh&±m^SBnfrmu 

[0040] P WMff^£j£ffi4 1 !4. ©Jfflft- H$J» 
EJE&gB4 2 K:«nnttaflHt#M S fcHttj-** . PWMfi 

*7m^*t£m~h. pwMfi-^ 

(4. miS»WlftllISS4 3WN o y-FET4 3aC0y-h 
G 1 ^^17-FET4 3 bCO?— hG2fcA*S 

-FET4 3 a47^4>^ 1 7-FET4 3 b £ PWMggiS 
hG2<Oif%6<oy-hfc:A*8<i*Mi. 

tt. ^y-FET4 3d<0^-hG4(^>'fiWA^ 
Sit, A^FET4 3d^yra§*lS. fEfiu 
-hG2fcPWM«^aft«A*Sili«^k:tt. ^V-F 
ET4 3 c^y-bG3fc* S*U /t*7- 
FET4 3c**;*V|H&Sft&. hGlifc 
14^- h- G 2 <0 3 P WMfi-^AA $ h (C 

\$*7mmfi\-hZtl. A*7^FET4 3a*fcfctrcy 
-FET4 3b*4:*:7;*fU> 0 y-hGlfc 
*7fi#36«X*8<lfc«^Ktt % A7-FET4 3 dco 
* f -bG4fct>*7«#3&«A*«*is A-7-FET4 3 

*Ufc«£*:tt. A 4 7-FET43c^bG3Ct* 
7fI##*A*$*U AV-FET4 3cU7Jtll.. 

[0041]y- hHtt0Ktf4 2tt. PWMIfM 

g?4 1 a^^>o«ttWHms#M s t t>>* bm±& 3 9 

S&4 3 CO&Y- b G 1 -G4 £fg»rr& fc«>(C«HHMI 

t4. r^b»±ft^-sBcoiftaixA^^ico^ mis 



*k y-HE»EIB«4 2«, *0fl»ai2OA^-fy 

*>cpu**»»<db9. «s«8tej:4r^xhi*jki- 

4 ocDN O TOS&i: 4 o<7) A N D HRfrfcSriiWIEB 

*LT. y~hS81!ligS&g&4 2(4. 
£f i£ft# S B £ 4 ocO N OTEWrC4 of) A N D 
&«mk&-ft*th. Sfcfc. y-MBftEI»»4 2«. 

4 oco a n d mmzmw) mi mm*m s ^missnssE 

S84 3tf>y— bGl ^G4tzm-£&{mt NOTEK 
<o#EI6aj:fi##*A2j3i'U 4oOAND@BKf 
fS$IEIft[H]8&4 3coy-hGl-G4tC»LTmi&«$'J 

14* Tyxh $£±{1-^ s b <o»a u-^/utf 1 fl»tcu* 

h ^ihff^ S B coi&m U^JVifi 0 <0«f fcr* 4«»«i6!(»S 

#m s t lt p wMft^-^gp4 1 frbtwwiimm 

[0042] «KffltiBi&Is|&4 3 tt, Mgi&Him 
4 2**felftaW3eS*Ifc«^^#MS36«A*S 

S»«|iIEl»&4 3t4. 4»A 4 7^FET4 3 
a, 4 3b, 4 3c, 4 3 dC0-*4 v+y?3!Ff> 
i^U y^E»TflB8S*U «8MBE*>6 1 2 V^)«E 
*<«»S*l** «!&Slgi&lHlS&4 3ii:, m»« 

8^'AV-FET4 3a^A'7-FET4 3 dOfflteiS 
?iJ^07\ 0 '7-FET4 3 b i:A'7-FET4 3 c^OH 
K«5«fc:««SiX*. A'7-FET4 3 a , 4 3blt 
#y-hGl, G2fcPWMffi#4fcJ±3r7«*VA* 

PWMl^AA?ftTWll/<;H ^r(c*y 
^•4. A7-FET43c, 4 3 dfcL #^-hG3. 

G4fc*>fi-94fcl4*7fl#3&JA**il. tf^m-^** 

*LT, m»miBl&IlJS&4 3 
(4. A7-FET4 3a, 4 3b, 43c. 4 3dC0# 
y-hGl, G2. G3, G 4 tC'StfrTOWfi^M S 

«8^mswsm£EVM^sijirf& 0 -t&t. msmsiz 
mit&. mmmsizm^tihmmwMEym 

LT. «i&«8tcm^mi!l^m8gIMi4. 

7 0% (-T^^. 7 (ftJSK/H ) : 3 (f&SU^ 
^0) ) O^-. 1 2 VX (7/1 0) =8. 4V#m 

[0043] **TC14. 01JVMBl4Sr#JHLT. HW 

A-7-xfru y^ii 1 (cfett^S'jffli^a 2 0 Afc x 
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S2 1 tf*JtSJT7 -r - K7 * >7- KSflSPteJ: 9m®)flS8 

[0044] mtroaftaj*^ 1 amis/jEmzfr 

*l/C. $iJUfgM2 0A«i, SfTOKRgas 

3 4 TliiiHSflS N l^m^-T H t <L&d-^ vtcg-^wc 
B««a«^ITSrBB&tfc. 3 4>tc, $iJffll5IS2 0A 
li. 7-f- FA V ?«ma(3 5TBaW8SB# i rtm 

mmms.m^ imot ^(sn a i mzm-rs\ vcm i sas 

•WWI^Cl *3t. M»^a2 0A(i, 7 

-< - H 7 * <7- HMmK3 6 T-a^mafi^ i tks-? 

S2 0 Ate. IBi!)l:aE©]Ka! 3 7 -C7 4 - H 7 * V- 1< 
$"iffli3 6*^cO|g2|gift$«fflIfi^C 2<0^iSmS£SrFJfS 

[0045] S-fc. M«gS20A{± s -fe^SS^ai 

sp 3 1 -c^a-b y^^s-m^ns l , #a-fe vir 
ft#sAof&su^5roict. mmmm^tkm^2 

1 #S#<^§£-(::<ig5tfl^S A^II/^^ l iz L 
TlWt- h'«#gP 3 8 tawrf s . 

[0046] Ji^fl-f-S A^ffrJIV^/l^Otftfa^ $J 

mbs 2 o Aii, Mire- h*«i#gp3 8 tis i mmm 

m^C 1 £BM0HH@#C S t Lxwmwmsm4 O 

awju mi!)t88S:7-r-K>'N-«y^®itai-r.&. masaie 
»»4 o(i, ^miz^mmsizmLX^wMmm^ts 

*§r i m o##ig:$ ftfcfj* i iEij)$ijtJiifi^c i ic x -3 t« 

s-cf v ^-cmswsigi&ii]s&4 3 *»6«iui 8 tmi«SE 
vMzwm-t& .-ttt. nmmsiziimmwM i m 
tfmi . z exmvm. i m izafcLizmmm h>v? 

#mi-t&. 7>?5§#STfc:J:9«iiS«88 

igfi^ i Motci ot 7 -f - hVN*. y ^swrso-c. m 

4^&fifc«imcSE I MWffitl&tf^ ET 

4 3 a~4 3 dSrgc»f •l.tJt'<?53&*;=JrlSramsS{im 

[ 0 0 4 7 ] . SWISS 2 0 A{i. Tv-X hm±& 
3 9T1$lteb/l^m^Tfcmifr&m^fI^I MOfc^ll 
<$#V >y 7*M 1 iDT^X b gih^SgM la, Mia IZ 1 
0 0m StLh*>r hgitfBiSM lb, M 1 b f*UZ 1 

CSt crmfatf-? y 7*M 2 COT^X h«ih«i*M 2 a , 



« Jh« 39*^y-MEWl£l88a42(lT^Xh »itfi 

gB2 0A{±, y-vmmwh%42.X'£x*~?mt 

-TSmiilliSiIffllfi-tMSSr^L, <rom»1SSiJffllft^ 
MSHS^V>Tm»«iBi!)lslS&4 3^4>«tttl8^>« 

[0048] m®m*$r s A<oaia 1 

(SSa2 0A(i N $[|» ; E-H<aj#a53 8T-m2iBiS»Jffll 

fi-f c 2 $ifflSMfflifi#c s t LxmrnmrnmuA o c 

ffi^Jt. «ibt885:7-f-K7* , 7-h*$iJffll-f-|.. WM 

wmm®4 o«, wj^tSM naT(cwPBs*ife»2iB 

z:ff)mMmmm^Msi,zm~3\\xwismm®s&4 3 
*^«i)^8(cmi6fismEvM$r6piirr§. -r^t, 7 
- k 7 * «7- KMffli«o^(c« , . mwm 8 (cu 
m^mgEM 1 aTcommwmsi 1 m^ssi, c^std^ 

* ( 1 > <oa»jem:frj£# ( 1 ) *cok • n^> # 

0(C^o3t^-Ct>, 0JffllJia2OA{J, 7-f-H7* 

v-H««*fe:tt. m2mfflwm^c2izi&mgm 
^fc i i *s tiumx-fmwfi&mm mzmm § n sram 

^8fcJi©J|®$<T^ISram8£t LT«Ufl»» I M*<»S 
iX, >»^V-FET4 3a~4 3dlC(iK«^-|,(5i:'Ojgi 

tmm*4o%mt-t&t. t&2wmmm^c2izj: 

&®Smmi8 0 A&,TlzMf&ZtiZ><r>X\ 
«ISH«gE«l 1 2AjaTic»JIS§itS. ft«r»(c. 7 

* - h 7 * v- mmmzufs 2 mmmim-c 2 j; 

l>ia&«Sg$:0f^«SgMIOT(c:$ilI!8S^S*^ ffl^M 
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(54) MOTOR-DRIVEN POWER STEERING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a motor-driven 
power steering device preventing breakage of a field 
effect transistor during feed forward control. 
SOLUTION: This motor-driven power steering device is 
provided with a target current setting part 34 setting a 
target current to be fed to a motor 8 and outputting a 
target current signal IT, a first drive control signal 
generating part 35 generating a first drive control signal 
C1 for driving the motor 8 on the basis of a deviation A 
IM between the target current signal IT and a motor 
current signal IMO, a second drive control signal 
generating part 36 generating a second drive signal C2 
for driving the motor 8 on the basis of the target current 
signal IT, a control mode switching part 38 switching to 
the first drive control signal C1 when a motor current 
detecting means 21 is normal and switching to the 
second drive control signal C2 during failure of the 
motor current detecting means 21 for controlling the 
motor 8, and a motor driving part 40 rotatively driving 
the motor 8. It is featured in that it is provided with a limiting part 37 limiting a maximum 
of the second drive control signal 02. 




value 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 



h-H-rv / Aa/w\a/1 Q inHI inn cm in/PA1 /rpci i lt/HAtAil/mAtn/wAAAaPA4K*n A41 39ft7fififtP? h 03/07/1 5 



Searching PAJ 



2/2 st—is 



[Date of registration] 

[Number of appeal against examiner s decision 
of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1 998,2003 Japan Patent Office 



ht+rv/AMiWlQ \rsA\ <t* in/PA1 /r*»ci ilt /detail /main /wA A AaPs»4KvDA41 .?9R7fi5ftP2.h .. 03/07/15 



IDS 2001-287658 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

[Claim(s)] 

[Claim 1] The motor which adds auxiliary steering torque to a steering system. The steering 
torque sensor which detects the steering torque which acts on the aforementioned steering 
system, and outputs a steering torque signal. A motor current detection means to detect the 
motor current which flows to the aforementioned motor, and to output a motor current signal, 
The fault detection section which detects failure of the aforementioned motor current detection 
means, and the target current setting section which sets up the target current supplied to the 
aforementioned motor based on the aforementioned steering torque signal at least, and outputs a 
target current signal, The 1st drive control signal generation section which generates and 
outputs the 1st drive control signal for driving the aforementioned motor based on the deflection 
of the aforementioned target current signal and the aforementioned motor current signal, The 
2nd drive control signal generation section which generates and outputs the 2nd drive control 
signal for driving the aforementioned motor based on the aforementioned target current signal, 
When the aforementioned fault detection section has detected the aforementioned motor current 
detection means as it is normal, it changes to the aforementioned 1st drive control signal. The 
control mode change section which changes to the aforementioned 2nd drive control signal, and 
controls the aforementioned motor when the aforementioned fault detection section has detected 
the aforementioned motor current detection means with failure, The motor mechanical 
component which drives [ normal-rotation-] or drives [ inversion-] the aforementioned motor by 
the bridge circuit constituted from four field-effect transistors based on the drive control signal 
from the aforementioned control mode change section. It is electric power-steering equipment 
equipped with the above, and is characterized by having the limit section which restricts the 
maximum of the aforementioned 2nd drive control signal. 

[Claim 2] The aforementioned limit section is electric power-steering equipment according to 
claim 1 characterized by comparing the drive current and predetermined current of the 
aforementioned 2nd drive control signal, and outputting the aforementioned predetermined 
current as the aforementioned 2nd drive control signal when the aforementioned drive current is 
large. 

[Claim 3] In order that the aforementioned motor mechanical component may carry out the PDM 



3/35 



IDS 2001-287658 



drive of the field-effect transistor of the aforementioned bridge circuit It has the PDM signal 
generation section which generates and outputs a PDM signal based on the drive control signal 
from the aforementioned control mode change section, the aforementioned control section When 
the aforementioned fault detection section has detected the aforementioned motor current 
detection means with failure Electric power-steering equipment according to claim 1 
characterized by comparing the duty ratio and predetermined ratio of the aforementioned PDM 
signal, and outputting the aforementioned predetermined ratio as the aforementioned PDM 
signal when the aforementioned duty ratio is large. 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the electric 
power-steering equipment which is made to carry out direct action of the motor power to a 
steering system, and mitigates the control force of a driver. 
[0002] 

[Description of the Prior Art] Electric power-steering equipment assists a driver [ control force ], 
using the driving force of a motor directly. Generally, electric power-steering equipment detects 
the current which flows to a motor with a motor current detection means, and is carrying out 
feedback control of the motor by the target current set up based on this detected current, 
steering torque, etc. Furthermore, when failure of a motor current detection means is detected, 
electric power-steering equipment amends the target current set up based on steering torque etc., 
and is carrying out feedforward control of the motor based on this amended target current. 
[0003] For example, sometimes feedback control is usually performed and the electric 
power-steering equipment with which a motor current detector performs feedforward control at 
the time of failure is indicated by JP, 11-49002 ,A by the applicant for this patent. In order to 
detect the steering torque of a steering system, this electric power-steering equipment is 
equipped with a steering torque detector, while it equips a motor and this motor with the motor 
current detector which detects the motor current which actually flows, in order to add auxiliary 
torque to a steering system. And electric power-steering equipment is equipped with the target 
current setting section which sets up the target current supplied to a motor based on steering 
torque at least. Furthermore, electric power-steering equipment equips feedforward control with 
the 2nd drive control signal generation section which generates the 2nd drive control signal for 
carrying out drive control of the motor based on target current while equipping feedback control 
with the 1st drive control signal generation section which generates the 1st drive control signal 
for carrying out drive control of the motor based on the deflection of target current and motor 
current. Moreover, it has the fault detection section which detects failure of detectors, such as a 
motor current detector, electric power-steering equipment is changed to the 1st drive control 
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signal, when this fault detection machine has not detected failure of a motor current detector, 
and when the fault detection machine has detected failure of a motor current detector, it is 
equipped with the motor operation-control mode change section which changes to the 2nd drive 
control signal and controls operation of a motor. That is, a motor current detector performs 
feedback control based on the 1st drive control signal at the time of normal, and, as for this 
electric power-steering equipment, a motor current detector performs feedforward control based 
on the 2nd drive control signal at the time of failure. 

[0004] Incidentally, electric power-steering equipment carries out the PWM (Pulse Width 
Modulation : PDM) drive of the motor by the bridge circuit which consists of four FET (Field 
Effect Transister : field-effect transistor). In addition, a motor is respectively connected in series 
between two FET of the opposite side of a bridge circuit. And electric power-steering equipment 
impresses motor voltage to a motor from this bridge circuit, passes motor current, and rotates 
normally or drives [ inversion ] a motor. In addition, this motor current is flowing also to FET. 
Then, electric power-steering equipment changes the rotation torque of a motor into a thrust by 
the ball thread, is made to act on a rack shaft, and assists the vehicles cross direction 
t movement / straight-line ] of a rack shaft. In addition, motor voltage is not consumed as motor 
current for all rotating a motor. That is, as shown in the relational expression of the rotational 
speed of the motor voltage shown in several 1 formula (1), motor current, and a motor, motor 
voltage is consumed also as a counter-electromotive-force component (K-N component of a 
formula (1)) by rotation of a motor, in order to rotate a motor (IM-RM component of a formula (1)). 
[0005] 

[Equation 1] 

VM=IM-RM+K'N (1) 
VM 

I M : MHMttt 
RM : **M<Z)&tttft 
K : at&*£*ft 
N : «M*D©6&£ 

[0006] Moreover, by the steering system, the maximum ****** is set up so that the steering 
wheel which is ****(ing) may not contact a tire house etc. Therefore, in order to regulate 
movement of the vehicles cross direction of a rack shaft in a steering system, right and left are 
equipped with the stopper. For example, if a driver steers a steering wheel rightward, by the 
steering system, a rack shaft carries out straight-line movement rightward, and a steering wheel 
**** rightward. Furthermore, if the driver increases the amount of steering of a steering wheel, 
straight-line movement of a rack shaft will be regulated for a rack shaft in a stopper (it is 
hereafter indicated as "rack thrust reliance"), and **** of a steering wheel will also stop at a 
steering system. 
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[0007] 

[Problem(s) to be Solved by the Invention] By the way, at the time of rack thrust reliance, 
rotation of the motor with which electric power-steering equipment is acting on a rack shaft 
when movement of a rack shaft stops also stops. Although the rotational speed of a motor is then 
set to 0 suddenly, motor voltage is maintaining the voltage value at the time of rack thrust 
reliance mostly according to control delay. Therefore, although a counter-electromotive-force 
component (K-N component of a formula (1)) is set to 0 as shown in said formula (1), since the 
motor voltage VM hardly changes, motor current DM becomes excessive at the moment (refer to 
drawing 6 ). Consequently, an overcurrent (for example, about [ 120 A] current) flows as a 
momentary current to FET of a bridge circuit, and there is a possibility that FET may break. 
Incidentally, the current which the electric power-steering equipment which can perform 
feedback control and feedforward control increased [ in the case of feedback control ] from the 
drive current controlled by the 2nd drive control signal in the case of the 1st drive control signal 
or feedforward control flows to a motor or FET as a momentary current. However, since this 
electric power-steering equipment can perform current limiting by the feedback control based on 
the motor current detected with the motor current detection means in the case of feedback 
control, it can stop low the rate of increase of the current increased as a momentary current. 
Therefore, motor current excessive as a momentary current does not flow to a motor, and a 
momentary current to the extent that FET is destroyed also to FET does not flow. For example, if 
the rate of increase is an increase of 20% to the drive current by the 1st drive control signal in 
the case of feedback control, though the drive current of 80A will be passed to a motor, as a 
momentary current, it is below 100A. However, this electric power-steering equipment is 
generating the bigger 2nd drive control signal than a target current signal beforehand in 
consideration of the counter-electromotive-force component (K-N component) of a formula (1) at 
the time of feedforward control. Since the motor current detection means is moreover out of order 
and the feedback control based on motor current cannot perform current limiting, the rate of 
increase of the current increased as a momentary current cannot be stopped low. Therefore, if a 
counter-electromotive-force component (K-N component of a formula (1)) is set to 0, by big motor 
voltage and the big rate of increase, momentarily excessive motor current will flow and, as for 
electric power-steering equipment, an overcurrent will flow as a momentary current also to FET. 
For example, as a momentary current, it is set to 140A noting that the drive current of 100A will 
be passed to a motor, if the increment from the increase of 40% and the target current by the 
counter-electromotive-force component is set to 20A to drive current according the rate of 
increase to the 2nd drive control signal in the case of feedforward control. Consequently, in the 
case of feedforward control, with this electric power-steering equipment, FET may be destroyed 
by the excessive momentary current. 

[0008] Then, the technical problem of this invention is to offer the electric power-steering 
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equipment which prevents destruction of a field-effect transistor beforehand at the time of 

feedforward control. 

[0009] 

[Means for Solving the Problem] The electric power-steering equipment concerning this 
invention which solved the aforementioned technical problem The motor which adds auxiliary 
steering torque to a steering system, and the steering torque sensor which detects the steering 
torque which acts on the aforementioned steering system, and outputs a steering torque signal, A 
motor current detection means to detect the motor current which flows to the aforementioned 
motor, and to output a motor current signal, The fault detection section which detects failure of 
the aforementioned motor current detection means, and the target current setting section which 
sets up the target current supplied to the aforementioned motor based on the aforementioned 
steering torque signal at least, and outputs a target current signal, The 1st drive control signal 
generation section which generates and outputs the 1st drive control signal for driving the 
aforementioned motor based on the deflection of the aforementioned target current signal and 
the aforementioned motor current signal, The 2nd drive control signal generation section which 
generates and outputs the 2nd drive control signal for driving the aforementioned motor based 
on the aforementioned target current signal, When the aforementioned fault detection section 
has detected the aforementioned motor current detection means as it is normal, it changes to the 
aforementioned 1st drive control signal. The control mode change section which changes to the 
aforementioned 2nd drive control signal, and controls the aforementioned motor when the 
aforementioned fault detection section has detected the aforementioned motor current detection 
means with failure, It is electric power-steering equipment equipped with the motor mechanical 
component which drives [ normal-rotation-] or drives [ inversion-] the aforementioned motor by 
the bridge circuit constituted from four field-effect transistors based on the drive control signal 
from the aforementioned control mode change section. It is characterized by having the limit 
section which restricts the maximum of the aforementioned 2nd drive control signal. According 
to this electric power-steering equipment, the maximum of the drive current by which drive 
control is carried out based on the 2nd drive control signal is restricted by restricting the 
maximum of the 2nd drive control signal by the limit section. Therefore, even if in the case of 
feedforward control rotation of a motor is suddenly set to 0 and drive current increases electric 
power-steering equipment as a momentary current, to a motor, the momentary current by which 
the maximum limit was carried out flows by maximum limit of the 2nd drive control signal, and 
a momentary current to the extent that FET is destroyed does not flow. In addition, it is 
restricting the maximum of the momentary current which makes the drive current passed to the 
motor by which drive control is carried out to restricting the maximum of the 2nd drive control 
signal based on the 2nd drive control signal below a predetermined value, and flows to a motor or 
FET further. Moreover, this predetermined value should just be the maximum of the drive 
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current set up so that it might become below the current value to which this momentary current 
does not destroy FET by any means, even if the drive current by the 2nd drive control signal is 
increased as a momentary current. (For example, in consideration of the rate of increase at the 
time of becoming a momentary current, the maximum of the 2nd drive control signal is set up so 
that it may carry out to below the current value to which the manufacture maker of FET is doing 
security of the maximum of a momentary current of operation) . Incidentally, since the rate of 
increase at the time of becoming a momentary current is decided by the property of a motor etc., 
it is necessary to grasp it by experiment etc. beforehand. 

[0010] Moreover, in the aforementioned electric power-steering equipment, the aforementioned 
limit section compares the drive current and predetermined current of the aforementioned 2nd 
drive control signal, and when the aforementioned drive current is large, it is characterized by 
outputting the aforementioned predetermined current as the aforementioned 2nd drive control 
signal. Since according to this electric power-steering equipment the limit section restricts the 
drive current of the 2nd drive control signal to below predetermined current even if rotation of a 
motor is suddenly set to 0 in the case of feedforward control, to the motor driven by this drive 
current, the momentary current by which the maximum limit was carried out flows. 
Consequently, to FET, a momentary current excessive like it destroys does not flow. In addition, 
predetermined current should just be the maximum of the drive current set up so that it might 
become below the current value to which this momentary current does not destroy FET by any 
means, even if the drive current by the 2nd drive control signal is increased as a momentary 
current. With the gestalt of this operation, predetermined current is set as 80A. 
[00111 In the aforementioned electric power-steering equipment or the aforementioned motor 
mechanical component In order to carry out the PDM drive of the field-effect transistor of the 
aforementioned bridge circuit It has the PDM signal generation section which generates and 
outputs a PDM signal based on the drive control signal from the aforementioned control mode 
change section, the aforementioned control section When the aforementioned fault detection 
section has detected the aforementioned motor current detection means with failure, the duty 
ratio and predetermined ratio of the aforementioned PDM signal are compared, and when the 
aforementioned duty ratio is large, it is characterized by outputting the aforementioned 
predetermined ratio as the aforementioned PDM signal. According to this electric power-steering 
equipment, at the time of feedforward control, in order to carry out the PWM drive of the motor 
only with the duty ratio below a predetermined ratio by the limit section, only the motor voltage 
generated below in this predetermined ratio is impressed to a motor. Therefore, since electric 
power-steering equipment passes only the following drive current to a motor (resistance of the 
motor voltage / motor generated in a predetermined ratio) even if rotation of a motor is suddenly 
set to 0 in the case of feedforward control, to a motor, only the momentary current by which the 
maximum limit was carried out flows. Consequently, to FET, a momentary current excessive like 
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it destroys does not flow. In addition, a predetermined ratio is set up in consideration of the 
supply voltage impressed to a bridge circuit based on the motor voltage for carrying out to below 
the maximum of the drive current set up so that it might become below the current value to 
which this momentary current does not destroy FET by any means, even if the drive current by 
the 2nd drive control signal is increased as a momentary current. With the gestalt of this 
operation, a predetermined ratio is set up to 50%, and when the supply voltage impressed to a 
bridge circuit is 12V, the motor voltage of a maximum of 6 V is continuously impressed to a motor. 
[0012] 

[Embodiments of the Invention] Hereafter, with reference to a drawing, the gestalt of operation 
of the electric power-steering equipment concerning this invention is explained. 
[0013] The electric power-steering equipment concerning this invention can restrict the 
maximum of this momentary current, even if rotation of a motor is suddenly set to 0 and the 
drive current by the 2nd drive control signal increases momentarily by restricting the maximum 
of the 2nd drive control signal in the limit section at the time of feedforward control. Therefore, 
to all FET of the bridge circuit which drives a motor, the momentary current the maximum limit 
was carried out [ the momentary current ] by the drive current restricted to below maximum 
flows, in addition, in this invention, the drive current of the 2nd drive control signal is made 
below into predetermined current for a means to restrict the maximum of the 2nd drive control 
signal — the [ or ] ~ it does not limit especially making below into a predetermined ratio the duty 
ratio of the PWM signal generated based on 2 drive control signal etc. 

[0014] The electric power-steering equipment concerning the gestalt of this operation is equipped 
with the feedforward control section which generates the 2nd drive control signal, changes this 
1st drive control signal and the 2nd drive control signal by the control mode change section, and 
controls a motor while it is equipped with the feedback control section which generates the 1st 
drive control signal, and this electric power-steering equipment — the PWM signal generation 
section — the [ the 1st drive control signal or ] — a motor-control signal is generated based on 2 
drive control signal, and the PWM drive of the motor is carried out by the bridge circuit based on 
this motor-control signal The gestalt of this operation explains the gestalt of the 2nd operation 
which allots the limit section concerning the gestalt of the 1st operation, and this invention with 
which the limit section concerning this invention is allotted to the latter part of a feedforward 
control section, and the drive current of the 2nd drive control signal is made below into 
predetermined current to the latter part of the PWM signal generation section, and makes the 
duty ratio of a PWM signal below a predetermined ratio. 

[0015] First, with reference to drawing 1 , the whole electric power-steering equipment 1 
composition is explained. 

[0016] The steering system S from a steering wheel 3 to steering wheels W and W is equipped 
with electric power-steering equipment 1, and it assists the control force by the manual 
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control-force generating means 2. Therefore, electric power-steering equipment 1 generates the 
motor voltage VM with a control unit 20, drives a motor 8 with this motor voltage VM, generates 
auxiliary steering torque (auxiliary control force), and mitigates the manual control force by the 
manual control-force generating means 2. In addition, with the gestalt of this operation, a motor 
8 is equivalent to a motor given in a claim. 

[0017] Pinion 7a of the rack & pinion mechanism 7 established in the steering gearbox 6 through 
the connecting shaft 5 is connected with the steering shaft 4 with which the manual control-force 
generating means 2 was formed in one at the steering wheel 3. In addition, a connecting shaft 5 
equips the ends with universal joints 5a and 5b. Rack gear-tooth 7b which gears to pinion 7a is 
formed in the rack shaft 9, and the rack & pinion mechanism 7 considers rotation of pinion 7a as 
reciprocating movement of the longitudinal direction (vehicles cross direction) of the rack shaft 9 
by engagement of pinion 7a and rack gear-tooth 7b. Furthermore, the front wheels W and W on 
either side as a steering wheel are connected with the rack shaft 9 through tie rods 10 and 10 to 
the ends. In addition, the manual control-force generating means 2 equips right and left with the 
stopper (not shown) which regulates movement of the rack shaft 9 respectively, in order to 
specify the maximum ****** c f steering wheels W and W. 

[0018] Moreover, in order for electric power-steering equipment 1 to generate an auxiliary 
control force (auxiliary torque), a motor 8 is arranged on the rack shaft 9 and the same axle. And 
electric power-steering equipment 1 is changed into a thrust through the ball-thread mechanism 
11 in which rotation of a motor 8 was prepared by the rack shaft 9 and the same axle, and makes 
this thrust act on the rack shaft 9 (ball-thread shaft 11a). If incidentally regulated by the stopper 
(not shown) which movement of the rack shaft 9 described above, rotation of a motor 8 will stop. 
[0019] As for a control unit 20, each detecting signals V, T, IMO, and VMO from the vehicle speed 
sensor VS, the steering torque sensor TS, the motor current detection means 21, and the motor 
voltage detection means 22 are inputted. And a control unit 20 determines the size and direction 
of motor current IM which are passed to a motor 8 based on detecting signals V, T, IMO, and 
VMO, and outputs the 1st drive control signal CI to feedback control at the control mode change 
section 38 (refer to drawing 2 and drawing 5 ). Moreover, a control unit 20 determines the size 
and direction of motor current IM which are passed to a motor 8 based on detecting signals V and 
T, and outputs the 2nd drive control signal C2 to feedforward control at the control mode change 
section 38 (refer to drawing 2 and drawing 5 ). And the motor current detection means 21 is 
based unusually/normally, and a control unit 20 changes the 1st drive control signal CI and the 
2nd drive control signal C2 in the control mode change section 38, and impresses the motor 
voltage VM to a motor 8 from the motor mechanical component 40 based on these drive control 
signals CI and C2 (refer to drawing 2 and drawing 5 ). In addition, with the gestalt of this 
operation, the steering torque sensor TS is equivalent to a steering torque sensor given in a 
claim, and the motor current detection means 21 is equivalent to the motor current detection 
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means of a publication at a claim. 

[0020] In addition, control unit 20Aof the gestalt of the 1st operation equips the latter part of the 
feedforward control section 36 with the drive current-limiting section 37, restricts the drive 
current of the 2nd drive control signal C2 to below predetermined current MI by the drive 
current control section 37, and restricts the maximum of the momentary current at the time of 
rotation of a motor being suddenly set to 0 (refer to drawing 2 ). Moreover, control unit 20B of the 
gestalt of the 2nd operation equips the latter part of the PWM signal generation section 41 with 
the duty ratio limit section 44, when the motor current detection means 21 is failure, it restricts 
the duty ratio of a PWM signal to below the predetermined ratio MD in the duty ratio limit 
section 44, and it restricts the maximum of the momentary current at the time of rotation of a 
motor being suddenly set to 0 (refer to drawing 5 ). 

[0021] The vehicle speed sensor VS detects the vehicle speed as a pulse number per unit time, 
and transmits it to a control unit 20 by making the analog electrical signal corresponding to the 
detected pulse number into a vehicle speed signal V. In addition, the vehicle speed sensor VS is 
not formed only in order to transmit a vehicle speed signal V to electric power-steering 
equipment 1, and it transmits a vehicle speed signal V also to an alien system. 
[0022] The steering torque sensor TS is arranged in the steering gearbox 6, and detects the size 
and direction of manual steering torque by the driver. And the steering torque sensor TS 
transmits to a control unit 20 by making the analog electrical signal corresponding to the 
detected manual steering torque into the steering torque signal T. In addition, the direction of 
torque is expressed with the plus value / minus value of steering torque including the 
information on the direction of torque which shows the sense of the steering torque the steering 
torque signal T indicates a size to be, and torque, the direction of steering torque of a plus value 
is the right, and the direction of steering torque of a minus value is the left. 
[0023] The motor current detection means 21 is equipped with resistance or a hall device 
connected in series to the motor 8, and detects the size and direction of motor current IM which 
actually flow to a motor 8. And the motor current detection means 21 feeds back the motor 
current signal IMO corresponding to motor current IM to a control unit 20 (negative feedback). 
[0024] The motor voltage detection means 22 detects the voltage of the ends of a motor 8 
respectively, and detects the size and direction of the motor voltage VM which are actually 
impressed to the motor 8. And the motor voltage detection means 22 transmits the motor voltage 
signal VMO corresponding to the motor voltage VM to a control unit 20. 

[0025] Next, with reference to drawing 2 , control unit 20A of the gestalt of the 1st operation is 
explained. Control unit 20A consists of the motor-speed operation part 30, the sensor 
malfunction detection section 31, the unusual display 32, the steering torque amendment section 
33, the target current setting section 34, the feedback control section 35, the feedforward control 
section 36, the drive current-limiting section 37, the control mode change section 38, the 



11/35 



IDS 2001-287658 



assistant prohibition section 39, and a motor mechanical component 40. The motor mechanical 
component 40 is equipped with the PWM signal generation section 41, the gate drive circuit 
section 42, and the motor drive circuit 43. In addition, control unit 20A is equipped with at least 
two CPUs (Centaral Processing Unit) which perform various operations, processing, etc., and is 
further equipped with an input signal conversion means, a signal generation means, a storage 
means, a power circuit, a motor drive circuit, etc. In addition, with the gestalt of this operation, 
the sensor malfunction detection section 31 is equivalent to the fault detection section given in a 
claim. The target current setting section 34 is equivalent to the target current setting section 
given in a claim. The feedback control section 35 is equivalent to the 1st drive control signal 
generation section given in a claim. The feedforward control section 36 is equivalent to the 2nd 
drive control signal generation section given in a claim. The drive current-limiting section 37 is 
equivalent to the claim 1 and the limit section according to claim 2 of a claim, the control mode 
change section 38 is equivalent to the control mode change section given in a claim, and the 
motor mechanical component 40 is equivalent to a claim at the motor mechanical component of a 
publication. 

[0026] The motor current signal IMO from the motor current detection means 21 and the motor 
voltage signal VMO from the motor voltage detection means 22 are inputted, and the 
motor-speed operation part 30 calculates an actual rotational speed of a motor 8, and outputs it 
to sensor malfunction detection section 31 grade as a motor rotational-speed signal RS. The 
motor-speed operation part 30 calculates the rotational speed of a motor from the motor current 
signal IMO and the motor voltage signal VMO based on said formula (1) (in addition, the 
resistance and induced-voltage coefficient of a motor are a constant). Incidentally, although the 
motor rotational-speed signal RS is used for the damping amendment in the amendment case etc. 
in target current, the detailed explanation is omitted with the gestalt of this operation. 
[0027] The sensor malfunction detection section 31 outputs the unusual sensor classification 
information SS to the target current setting section 34 and the unusual display 32 while the 
vehicle speed signal V from the vehicle speed sensor VS, the motor current signal IMO from the 
motor current detection means 21, and the motor voltage signal VMO from the motor voltage 
detection means 22 and the motor rotational-speed signal RS from the motor-speed operation 
part 30 are inputted and it outputs the unusual signal SA to the control mode change section 38 
and the assistant prohibition section 39. The sensor malfunction detection section 31 supervises 
a vehicle speed signal V, the motor current signal IMO, the motor voltage signal VMO, the motor 
rotational-speed signal RS, etc., and when the range of the signal value beforehand set up for 
every signal is exceeded and a signal is not detected, operation of each sensor judges the case 
where change of a signal is not normal to be unusual. And the sensor malfunction detection 
section 31 judges the abnormalities/normalcy of the motor current detection means 21 from the 
motor current signal IMO, and outputs the unusual signal SA. In addition, at the time of 
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abnormalities, 1 is set up for the motor current detection means 21 as logical level, and, as for 
the unusual signal SA, 0 is set up as logical level at the time of normal. Furthermore, the sensor 
malfunction detection section 31 judges the abnormalities/normalcy of the vehicle speed sensor 
VS, each detection meanses 21 and 22, and the motor-speed operation part 30 from each signal, 
and outputs the unusual sensor classification information SS. Logical level is respectively set up 
to the vehicle speed sensor VS, each detection meanses 21 and 22, and the motor-speed operation 
part 30, 1 is set up in each logical level at the time of abnormalities, and, as for the unusual 
sensor classification information SS, 0 is set up at the time of normal. In addition, the sensor 
malfunction detection section 31 makes non-volatile memory (not shown) memorize the unusual 
signal SA and the unusual sensor classification information SS, and when control unit 20A is 
rebooted, it holds the unusual signal SA and the unusual sensor classification information SS. 
[0028] The unusual sensor classification information SS from the sensor malfunction detection 
section 31 is inputted, and the unusual display 32 outputs a sensor unusual signal to a visible 
drop (not shown) or an audible output machine (not shown) etc. with which vehicles were 
prepared. In addition, based on the unusual sensor classification information SS, this sensor 
unusual signal is made into the unusual information according to each sensor at a case, although 
a visible drop or an audible output machine can output the abnormalities/normalcy of each 
sensor individually, and although a visible drop or an audible output machine outputs the 
abnormalities/normalcy of electric power-steering equipment 1, let it at a case be the unusual 
information on electric power-steering equipment 1. 

[0029] The steering torque signal T from the steering torque sensor TS is inputted, and the 
steering torque amendment section 33 outputs the amendment steering torque signal TH to the 
target current setting section 34. Therefore, the steering torque amendment section 33 is 
equipped with proportionality section 33a, differential section 33b, and adder unit 33c. Since 
change of the steering torque signal T is expressed linearly, proportionality section 33a carries 
out the multiplication of the coefficient to the steering torque signal T, and outputs it to adder 
unit 33c as a proportional. In order that differential section 33b may raise the responsibility of 
the steering torque signal T, it carries out time differential of the steering torque signal T, and 
outputs it to adder unit 33c as a differential term. Incidentally, when the driver is operating the 
steering wheel 3 rightward, a differential term serves as a plus value, when the operation torque 
by the driver is strengthened, when steering torque is fixed, it is set to 0, and while steering 
torque can be weakening, it serves as a minus value. Moreover, when the driver is operating the 
steering wheel 3 leftward, a differential term serves as a minus value, when the operation torque 
by the driver is strengthened, when steering torque is fixed, it is set to 0, and while steering 
torque can be weakening, it serves as a plus value. Adder unit 33c adds the proportional from 
proportionality section 33a, and the differential term from differential section 33b, and outputs 
them as an amendment steering torque signal TH. In addition, the direction of torque is 
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expressed with the plus value / minus value of amendment steering torque including the 
information on the direction of torque which shows the sense of the amendment steering torque 
the amendment steering torque signal TH indicates a size to be, and torque, the direction of 
amendment steering torque of a plus value is the right, and the direction of amendment steering 
torque of a minus value is the left. Incidentally, the integration section may be prepared, the 
integration term of the steering torque signal T may be calculated if needed, and an integration 
term may be added by adder unit 33c. 

[0030] The unusual sensor classification information SS from the amendment steering torque 
signal TH, the vehicle speed signal V from the vehicle speed sensor VS, and the sensor 
malfunction detection section 31 from the steering torque amendment section 33 is inputted, and 
the target current setting section 34 outputs the target current signal IT to the feedback control 
section 35 and the feedforward control section 36. In addition, the direction of current is 
expressed with the plus value / minus value of target current to the target current signal IT 
including the information on the direction of current which shows the sense of the target current 
which shows the size of current to pass to a motor 8, and current to pass to a motor 8, the 
assistant direction of a plus value is the right, and the assistant direction of a minus value is the 
left. The target current setting section 34 was equipped with storage meanses, such as ROM 
(Read Only Memory), and has memorized the data with which the amendment steering torque 
signal TH and vehicle speed signal V which were beforehand set up based on the experimental 
value or the design value, and the target current signal IT correspond. And in the unusual sensor 
classification information SS, the target current setting section 34 reads the target current 
signal IT which corresponds considering the amendment steering torque signal TH and a vehicle 
speed signal V as the address, when the vehicle speed sensor VS is normal. An example of the 
translation table of an amendment steering torque signal and a vehicle speed signal-target 
current signal is shown in drawing 3 . As shown in drawing 3 , the target current signal IT is 
matched with the value which increases according to the increase in the amendment steering 
torque signal TH, when the amendment steering torque signal TH is matched with 0 about zero 
and becomes beyond a predetermined amendment steering torque signal (absolute value). 
Furthermore, the inclination of the target current signal IT to this amendment steering torque 
signal TH changes by the vehicle speed signal V. When this inclination is high-speed in order to 
match a large value (absolute value) to a vehicle speed signal V in the case of a low speed with 
large road surface reaction force and to secure the stability at the time of a run, the small value 
(absolute value) is matched. That is, the increment (absolute value) of the target current signal 
IT to the amendment steering torque signal TH decreases, so that the vehicle speed becomes 
high-speed. In addition, since the maximum current which can be passed to the power 43a-FET 
43d of a motor 8 and a bridge circuit 43 is specified, the target current signal IT is set below to 
the maximum target current. 



14/35 



IDS 2001-287658 



[0031] Moreover, when the vehicle speed sensors VS are abnormalities in the unusual sensor 
classification information SS, the target current setting section 34 makes a vehicle speed signal 
V the maximum vehicle speed from a fail and safe viewpoint, and reads the target current signal 
IT which corresponds considering the amendment steering torque signal TH and a vehicle speed 
signal V as the address. That is, the vehicle speed is set as the maximum vehicle speed, the 
target current signal IT is made small, auxiliary steering torque is reduced and a driver is made 
to recognize the abnormalities of electric power-steering equipment 1 from the time of normal. 
[0032] The target current signal IT from the target current setting section 34 and the motor 
current signal IMO from the motor current detection means 21 are inputted, and the feedback 
control section 35 outputs the 1st drive control signal CI to the control mode change section 38. 
The feedback control section 35 generates the 1st drive control signal CI by which PID 
(Proportional Integral Differential) control was carried out so that the deflection of the target 
current signal IT and the motor current signal IMO may approach 0. Therefore, the feedback 
control section 35 is equipped with deflection operation part 35a and PID control-section 35b. 
Deflection operation part 35a is equipped with a subtracter or the subtraction function of soft 
control, subtracts the motor current signal IMO from the target current signal IT, and calculates 
deflection signal deltalM (=IT-IMO). PID control-section 35b performs P (proportionality), I 
(integration), and D (differential) control to deflection signal deltalM from deflection operation 
part 35a, and generates the 1st drive control signal CI for controlling the current supplied to a 
motor 8 so that deflection signal deltalM may approach 0. In addition, the direction of current is 
expressed with the plus value / minus value of drive current including the information on the 
direction of current which shows the sense of the drive current which shows the size of the 
current which supplies the 1st drive control signal CI to a motor 8, and the current supplied to a 
motor 8, the assistant direction of a plus value is the right, and the assistant direction of a minus 
value is the left. 

[0033] The target current signal IT from the target current setting section 34 is inputted, and the 
feedforward control section 36 outputs the 2nd drive control signal C2 to the drive 
current-limiting section 37. The feedforward control section 36 generates a bigger value than the 
target current signal IT as the 2nd drive control signal C2 in consideration of consumption of the 
motor voltage VM by the counter-electromotive-force component (K-N component of a formula 
(1)) by rotation of the motor 8 shown in said formula (1). That is, since counter-electromotive 
force occurs by rotation of a motor 8 when the target current signal IT is made into the 2nd drive 
control signal C2 as it was, the motor current IM which flows to a motor 8 becomes smaller than 
the target current signal IT. Then, in consideration of a part for the counter-electromotive force 
by rotation of a motor 8, the predetermined current value which is equivalent to 
counter-electromotive force at the target current signal IT is added, and the 2nd drive control 
signal C2 is generated. Therefore, the feedforward control section 36 is equipped with 
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counter-electromotive-force setting section 36a and adder unit 36b. Counter-electromotive-force 
setting section 36a is equipped with storage meanses, such as ROM, and outputs ********** 
current CC to adder unit 36b by predetermined current value. In addition, 

counter-electromotive-force current CC is determined in consideration of the property of a motor 
8 etc. Adder unit 36b is equipped with an adder or the adder of soft control, adds 
counter-electromotive-force current CC to the target current of the target current signal IT, and 
generates the 2nd drive control signal C2. In addition, the direction of current is expressed with 
the plus value / minus value of drive current including the information on the direction of 
current which shows the sense of the drive current which shows the size of the current which 
supplies the 2nd drive control signal C2 to a motor 8, and the current supplied to a motor 8, the 
assistant direction of a plus value is the right, and the assistant direction of a minus value is the 
left. 

[0034] The 2nd drive control signal C2 from the feedforward control section 36 is inputted, and 
the drive current-limiting section 37 outputs the 2nd drive control signal C2 which performed 
the maximum limit to the control mode change section 38 at the drive current of the 2nd drive 
control signal C2. At the time of the feedforward control which cannot perform control based on 
the motor current signal IMO, rotation of a motor is suddenly set to 0 and the drive current by 
the 2nd drive control signal C2 increases the drive current-limiting section 37 momentarily. In 
order to prevent that current excessive like it destroys Power 43a-FET 43d as a momentary 
current to the power 43a-FET 43d of the motor drive circuit 43 flows, the drive current of the 2nd 
drive control signal C2 is made below into predetermined current MI. That is, if rotation of a 
motor 8 stops suddenly at the time of rack thrust reliance etc., although the rotational speed of a 
motor 8 will be set to 0, in the case of feedforward control, the motor voltage VM based on the 
drive current of the 2nd drive control signal C2 from the feedforward control section 36 is mostly 
maintained by the influence of control delay at the voltage value at the time of rack thrust 
reliance. Therefore, as shown in said formula (1), motor current IM becomes excessive at the 
moment. And since excessive current (more than 120A) flows as a momentary current to Power 
43a-FET 43d, there is a possibility of destroying Power 43a-FET 43d. Then, always, the drive 
current of the 2nd drive control signal C2 is made below into predetermined current MI, and the 
maximum of the momentary current which flows to Power 43a-FET 43d is restricted, 
predetermined current MI ~ a Power [ 43a-FET 43d ] property etc. — power FET 43 — it is set up 
as maximum of the drive current boiled and set up so that a momentary current may become 
below the current value that does not destroy a-43d by any means, and it is referred to as 80A 
with the gestalt of this operation Incidentally, predetermined current MI grasps by what the rate 
of increase the drive current of the 2nd drive control signal C2 increases, when the rotational 
speed of a motor 8 is suddenly set to 0, and it is set up in consideration of the current value which 
destroys this rate of increase and Power FET 43a-43d. In addition, this predetermined current 
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MI is also the current value which does not make a motor 8 cause abnormalities absolutely. In 
addition, after rack thrust reliance, since the steering torque by the driver becomes small by rack 
thrust reliance in connection with the passage of time, the target current of the target current 
signal IT becomes small and the drive current of the 2nd drive control signal C2 also becomes 
small further, the motor voltage VM becomes smalL 

[0035] Then, the drive current-limiting section 37 is equipped with predetermined current 
setting section 37a and drive current comparator 37b. Predetermined current setting section 37a 
is equipped with storage meanses, such as ROM, and outputs predetermined current MI to drive 
current comparator 37b. Drive current comparator 37b compares predetermined current MI with 
the drive current of the 2nd drive control signal C2 from the feedforward control section 36. And 
when the drive current of the 2nd drive control signal C2 from the feedforward control section 36 
is larger than predetermined current MI, drive current comparator 37b generates the 2nd drive 
control signal C2 by making predetermined current MI into drive current, and outputs it to the 
control mode change section 38. On the other hand, drive current comparator 37b outputs the 
2nd drive control signal C2 from the feedforward control section 36 to the control mode change 
section 38 as it is, when the drive current of the 2nd drive control signal C2 from the feedforward 
control section 36 is below predetermined current MI. 

[0036] The 1st drive control signal CI from the feedback control section 35, the 2nd drive control 
signal C2 from the drive current-limiting section 37, and the unusual signal SAfrom the sensor 
malfunction detection section 31 are inputted, and the control mode change section 38 outputs 
the drive control signal CS to the PWM signal generation section 41 of the motor mechanical 
component 40. When the motor current detection means 21 is normal, the control mode change 
section 38 changes control of a motor 8 to feedback control at feedforward control, when the 
motor current detection meanses 21 are abnormalities. Therefore, the control mode change 
section 38 makes the 1st drive control signal CI from the feedback control section 35 the drive 
control signal CS, when the logical level of the unusual signal SAis 0, when the logical level of 
the unusual signal SA is 1, it makes the 2nd drive control signal C2 from the drive 
current-limiting section 37 the drive control signal CS, and it outputs the drive control signal CS 
to the PWM signal generation section 41. The direction of current is expressed with the plus 
value / minus value of drive current including the information on the direction of current which 
shows the sense of the drive current which shows the size of the current which supplies the drive 
control signal CS to a motor 8, and the current supplied to a motor 8, the assistant direction of a 
plus value is the right, and the assistant direction of a minus value is the left. 
[0037] The steering torque signal T from the steering torque sensor TS, the motor current signal 
IMO from the motor current detection means 21, and the unusual signal SAfrom the sensor 
malfunction detection section 31 and the drive control signal CS from the control mode change 
section 38 are inputted, and the assistant prohibition section 39 outputs the assistant inhibiting 
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signal SB to the gate drive circuit section 42. In order that the main CPUs of control unit 20 A 
may supervise whether it is operating normally, the assistant prohibition section 39 judges the 
relation between the steering torque signal T and the motor current signal IMO, and the relation 
between the steering torque signal T and the drive control signal CS, when the motor current 
detection means 21 is normal, and when the motor current detection meanses 21 are 
abnormalities, it judges the relation between the steering torque signal T and the drive control 
signal CS. In addition, the assistant prohibition section 39 is controlled by CPU other than CPU 
which becomes main [ control unit 20A ]. The assistant prohibition section 39 carries out an 
assistant prohibition judging based on a map Ml (refer to (a) view of drawing 4 ), and a map M2 
(refer to (b) view of drawing 4 ), when the unusual signal SAis 0 (the motor current detection 
means 21 is normal), and when the unusual signal SAis 1 (the motor current detection means 21 
is unusual), it carries out an assistant prohibition judging based on a map M3 (refer to (c) view of 
drawing 4 ). 

[0038] First, the case where the motor current detection means 21 is normal is explained. The 
assistant prohibition section 39 was equipped with storage meanses, such as ROM, and has 
memorized the map M2 (refer to (b) view of drawing 4 ) in which the relation between the map 
Ml (refer to (a) view of drawing 4 ) and the steering torque signal T which show the relation 
between the steering torque signal T beforehand set up based on the experimental value or the 
design value and the motor current signal IMO, and the drive control signal CS is shown. A 
horizontal axis is the steering torque signal T, and the vertical axis of a map Ml is the motor 
current signal IMO. The plus field (right-hand side field of the zero (0) of a horizontal axis) of the 
steering torque signal T corresponds, when the manual steering torque of the clockwise rotation 
direction is inputted into a steering wheel 3, and the minus field (left-hand side field of the zero 
(0) of a horizontal axis) of the steering torque signal T corresponds, when the manual steering 
torque of the anticlockwise rotation direction is inputted into a steering wheel 3. Moreover, the 
plus field (top field of the zero (0) of a vertical axis) of the motor current signal IMO corresponds, 
when the current of the clockwise rotation direction flows to a motor 8, and the minus field 
(bottom field of the zero (0) of a vertical axis) of the motor current signal IMO corresponds, when 
the current of the anticlockwise rotation direction flows to a motor 8. Assistant keepout area 
Mia of a map Ml, Mia and Mlb, and Mlb are the fields which are fields of the motor current 
signal IMO which is not desirable, and can be judged that the main CPUs of control unit 20A are 
unusual to the steering torque signal T. In addition, if assistant keepout area Mia and Mia are 
less than 100 mSs even if it goes into this field since it is some possible conditions fulfilled during 
an actual run when damping control and the inertia control to a motor 8 are taken into 
consideration, they are a field which does not forbid assistance (assistance will be forbidden, if it 
is got blocked and 100 or more mSs go into assistant keepout area Mia and Mia). Moreover, 
since they are a field into which it does not go even if it takes damping control and inertia control 
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into consideration, when assistant keepout area Mlb and Mlb go into this field also by lmS, 
they are a field which forbids assistance. Moreover, a horizontal axis is the steering torque signal 
T, and the vertical axis of a map M2 is the drive control signal CS. The plus field (right-hand side 
field of the zero (0) of a horizontal axis) of the steering torque signal T corresponds, when the 
manual steering torque of the clockwise rotation direction is inputted into a steering wheel 3, 
and the minus field (left-hand side field of the zero (0) of a horizontal axis) of the steering torque 
signal T corresponds, when the manual steering torque of the anticlockwise rotation direction is 
inputted into a steering wheel 3. Moreover, the plus field (top field of the zero (0) of a vertical 
axis) of the drive control signal CS corresponds, when a motor 8 outputs the torque of the 
clockwise rotation direction, and the minus field (bottom field of the zero (0) of a vertical axis) of 
the drive control signal CS corresponds, when a motor 8 outputs the torque of the anticlockwise 
rotation direction. Assistant keepout area M2a of a map M2 and M2a are the fields which are 
fields of the drive control signal CS which is not desirable, and can be judged that the main 
CPUs of control unit 20A are unusual to the steering torque signal T. Then, the assistant 
prohibition section 39 searches a map Ml and a map M2. The relation between the steering 
torque signal T and the motor current signal IMO 1 or more mSs to the field of 100 or more mSs 
and assistant keepout area Mlb of a map Ml, and Mlb to the field of assistant keepout area Mia 
of a map Ml, and Mia In a certain case Or when the relation between the steering torque signal 
T and the drive control signal CS to the field of assistant keepout area M2a of a map M2 and 
M2a is, 1 is set up as logical level of the assistant inhibiting signal SB. case it is other — being 
alike — 0 is set up as logical level of the assistant inhibiting signal SB, and it outputs to the gate 
drive circuit section 42 A setup of the logical level of the assistant inhibiting signal SB is not 
limited to the aforementioned setup, but is set up corresponding to the composition of the logical 
circuit of the gate drive circuit section 42 etc. Incidentally, the criteria on a map Ml of the 
criteria on a map Ml and a map M2 is severer, and when the motor current detection means 21 
is normal, assistance is almost forbidden by the criteria of a map Ml. 
[0039] Next, the case where the motor current detection meanses 21 are abnormalities is 
explained. When the motor current detection meanses 21 are abnormalities, the criteria in the 
map Ml by the motor current signal IMO cannot be used. Then, an assistant prohibition judging 
is performed using the map M3 (refer to (c) view of drawing 4 ) which made severe the criteria of 
the map M2 by the drive control signal CS. In addition, when the main CPUs of control unit 20A 
are normal, in order to usually assist in this direction to the direction where manual steering 
torque is added, the direction where manual steering torque is added as a direction of current to 
the current supplied to a motor 8 is set to the drive control signal CS. For example, when a driver 
operates a steering wheel 3 rightward, the direction of current which shows the sense of the 
current supplied to the motor 8 for generating auxiliary steering torque rightward is set to the 
drive control signal CS. However, even when the main CPUs of control unit 20A are normal, in 
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order to aid an opposite direction to the direction where manual steering torque is added by 
operation of differential section 33b of the steering torque amendment section 33, the direction of 
current to the current supplied to the drive control signal CS at a motor 8 may usually be set as 
an opposite direction with the time. For example, although the driver is operating the steering 
wheel 3 rightward, when weakening manual steering torque, the differential term by differential 
section 33b may become a minus value, and the size of the steering torque in the amendment 
steering torque signal TH may become a minus value (left). The direction of current to the 
current which the direction of the steering torque signal T supplies to the motor 8 of the drive 
control signal CS in spite of the right becomes leftward then (refer to a points of the (c) view of 
drawing 4 ). However, when the main CPUs of control unit 20A are abnormalities, the direction 
of current and drive current of the drive control signal CS which are set up based on the steering 
torque signal T serve as a clearly unusual value (references, such as b etc. points of the (c) view 
of drawing 4 ). Then, the assistant prohibition section 39 was equipped with storage meanses, 
such as ROM, and has memorized the map M3 (refer to (c) view of drawing 4 ) in which the 
relation between the steering torque signal T beforehand set up based on the experimental value 
or the design value and the drive control signal CS is shown. A map M3 makes the field of M3a 
and M3a an assistant keepout area instead of assistant keepout area M2a of a map M2, and M2a. 
This assistant keepout area M3a and M3a are the fields which are fields of the drive control 
signal CS which is not desirable, and can be judged that the main CPUs of control unit 20 A are 
unusual to the steering torque signal T. In addition, assistant keepout area M3a and M3a forbid 
assistance from the steering torque signal T2 which starts prohibition of assistance of assistant 
keepout area M2a of a map M2, and M2a, the steering torque signal T3 with an absolute value 
smaller than -T2, and -T3 (getting it blocked, the map M3 serves as a severe criteria from the 
criteria of a map M2). Then, the assistant prohibition section 39 searches a map M3, when the 
relation between the steering torque signal T and the drive control signal CS to the field of 
assistant keepout area M3a of a map M3 and M3a is, it sets up 1 as logical level of the assistant 
inhibiting signal SB, in other than the assistant keepout area Ma and Ma, it sets up 0 as logical 
level of the assistant inhibiting signal SB, and outputs it to the gate drive circuit section 42. A 
setup of the logical level of the assistant inhibiting signal SB is not limited to the aforementioned 
setup, but is set up corresponding to the composition of the logical circuit of the gate drive circuit 
section 42 etc. 

[0040] The drive control signal CS from the control mode change section 38 is inputted, and the 
PWM signal generation section 41 outputs the motor-control signal MS to the gate drive circuit 
section 42. The PWM signal generation section 41 generates the PWM signal corresponding to 
the sense and current value of motor current which are supplied to a motor 8, an ON signal, and 
an OFF signal based on the drive control signal CS. A PWM signal is a signal which is inputted 
into the gate Gl of power FET43a of the motor drive circuit 43, or the gate G2 of power FET43b, 
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and carries out the PWM drive of power FET43a or the power FET43b according to the size of 
the drive current of the drive control signal CS. In addition, it is decided by the polarity (the 
direction of current) of the drive current of the drive control signal CS into which gate of the gate 
Gl or the gate G2 a PWM signal will be inputted. And when a PWM signal is inputted into the 
gate Gl, an ON signal is inputted into the gate G4 of power FET43d, and the ON drive of the 
power FET43d is carried out. On the other hand, when a PWM signal is inputted into the gate 
G2, an ON signal is inputted into gate G3 of power FET43c, and the ON drive of the power 
FET43c is carried out. Moreover, an OFF signal is inputted into the gate where a PWM signal is 
not inputted among the gate Gl or the gate G2, and power FET43a or power FET43b is turned 
off. When an OFF signal is inputted into the gate Gl at this time, an OFF signal is inputted also 
into the gate G4 of power FET43d, and power FET43d is also turned off. On the other hand, 
when an OFF signal is inputted into the gate G2, an OFF signal is inputted also into gate G3 of 
power FET43c, and power FET43c is also turned off. In addition, the motor-control signal MS 
consists of a PWM signal outputted to the gates G1-G4, an ON signal, and an OFF signal, and a 
logic judging is carried out in the gate drive circuit section 42. 

[0041] The motor-control signal MS from the PWM signal generation section 41 and the 
assistant inhibiting signal SB from the assistant prohibition section 39 are inputted, and since 
each gates G1-G4 of the motor drive circuit 43 are driven, the gate drive circuit section 42 
outputs the motor-control signal MS. In addition, the gate drive circuit section 42 forbids 
generating of the auxiliary steering torque by the motor 8, when the logical level of the assistant 
inhibiting signal SB is 1. That is, the gate drive circuit section 42 forbids the assistance by the 
motor 8, when the main CPUs of control unit 20A are abnormalities. Therefore, the gate drive 
circuit section 42 is equipped with the logical circuit which consists of four NOT circuits and four 
AND circuits which are not illustrated. And the gate drive circuit section 42 carries out the 
reversal output of the assistant inhibiting signal SB respectively by four NOT circuits at four 
AND circuits. Furthermore, each reversal output of the each signal and NOT circuit to the gates 
G1-G4 of the motor drive circuit 43 of the motor-control signal MS is respectively inputted into 
four AND circuits, and the gate drive circuit section 42 outputs the motor-control signal MS from 
four AND circuits to the gates G1-G4 of the motor drive circuit 43. And the gate drive circuit 
section 42 outputs an OFF signal altogether as a motor-control signal MS, when the logical level 
of the assistant inhibiting signal SB is 1, and when the logical level of the assistant inhibiting 
signal SB is 0, it outputs the motor-control signal MS from the PWM signal generation section 41 
as it is as a motor-control signal MS. 

[0042] The motor-control signal MS by which the logic judging was carried out from the gate 
drive circuit section 42 is inputted, and the motor drive circuit 43 impresses the motor voltage 
VM to a motor 8 based on this motor-control signal MS, and outputs motor current IM to a motor 
8. The motor drive circuit 43 consists of bridge circuits which consist of a switching element of 
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four power 43a, 43b, 43c, and FET 43d, and the voltage of 12V is supplied from supply voltage. 
Furthermore, the motor drive circuit 43 is connected in series [ between power FET43b and 
power FET43c ] in series [ a motor 8 ] between power FET43a and power FET43d. A PWM signal 
or an OFF signal is inputted into each gates Gl and G2, a PWM signal is inputted, and Power 
43a and FET 43b is turned on at the time of logical level 1. Power 43c and FET 43d is turned on, 
when an ON signal or an OFF signal is inputted into each gate G3 and G4 and an ON signal is 
inputted. And the motor drive circuit 43 will impress the motor voltage VM to a motor 8 based on 
the motor-control signal MS, if the motor-control signal MS is respectively inputted into each 
Power [ 43a, 43b, 43c, and FET 43d ] gates Gl and G2, G3, and G4. Then, motor current IM flows 
to a motor 8, and a motor 8 generates the auxiliary steering torque which drove 
[ normal-rotation-] or drove [ inversion-] and is proportional to motor current IM. In addition, the 
motor voltage VM impressed to a motor 8 is determined by the duty ratio of a PWM signal. And 
the motor current IM which flows to a motor 8 corresponds to the motor voltage VM. For example, 
when the duty ratio of a PWM signal is 70% (namely, 7 (logical level 1):3 (logical level 0)), 
12Vx(7/10) =8.4V become the motor voltage VM, and 8.4V will be impressed succeeding the 
motor 8. 

[0043] Then, with reference to drawing 1 or drawing 4 , control by control unit 20A in electric 
power-steering equipment 1 is explained. Here, the case where control unit 20Ahas the normal 
motor current detection means 21, and controls a motor 8 by feedback control, and the case 
where the motor current detection means 21 is unusual, and a motor 8 is controlled by 
feedforward control are explained. 

[0044] The motor current detection means 21 is not concerned unusually/normally, but control 
unit 20A generates the amendment steering torque signal TH based on the steering torque 
signal T in the steering torque amendment section 33. And control unit 20A sets up the target 
current signal IT based on the amendment steering torque signal TH and a vehicle speed signal 
V in the target current setting section 34. Furthermore, control unit 20A generates the 1st drive 
control signal CI based on deflection deltalM of the target current signal IT and the motor 
current signal IMO in the feedback control section 35. Moreover, control unit 20 A generates the 
2nd drive control signal C2 based on the target current signal IT by the feedforward control 
section 36. Furthermore, control unit 20A restricts the drive current of the 2nd drive control 
signal C2 from feedforward control 36 to below predetermined current MI in the drive 
current-limiting section 37. 

[0045] Moreover, control unit 20A supervises each signal from various sensors in the sensor 
malfunction detection section 31, and various sensors judge [ abnormalities / ] whether it is 
normal. Especially the sensor malfunction detection means 31 sets logical level of the unusual 
signal SA to 0, when the motor current detection means 21 is normal, when the motor current 
detection meanses 21 are abnormalities, sets logical level of the unusual signal SA to 1, and 
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outputs it to the control mode change section 38. 

[0046] When the logical level of the unusual signal SAis 0, in the control mode change section 38, 
by making the 1st drive control signal CI into the drive control signal CS, control unit 20Ais 
outputted to the motor mechanical component 40, and carries out feedback control of the motor 8. 
The motor mechanical component 40 generates the motor-control signal MS, and impresses the 
motor voltage VM to a motor 8 from the motor drive circuit 43 based on this motor-control signal 
MS with the 1st drive control signal CI by which the motor current signal IMO which is actually 
flowing to the motor 8 was taken into consideration. Then, motor current IM flows to a motor 8, 
and the auxiliary steering torque corresponding to this motor current IM occurs in it. 
Incidentally, even if rotation of a motor 8 stops suddenly by rack thrust reliance, since feedback 
control of the control unit 20A is carried out by the motor current signal IMO, it can apply 
current limiting. Therefore, although the motor current IM from which the drive current by the 
1st drive control signal CI was increased as a momentary current flows to a motor 8, a 
momentary current excessive like it destroys Power 43a-FET 43d does not flow. 
[0047] In addition, control unit 20A The relation between the steering torque signal T and the 
motor current signal IMO in the assistant prohibition section 39 Assistant keepout area Mia of a 
map Ml, When the case of 1 or more mSs or the relation between the steering torque signal T 
and the drive control signal CS in Mia is in assistant keepout area M2a of a map M2, and M2a in 
100 or more mSs, assistant keepout area Mlb, and Mlb (refer to drawing 4 ), it judges with the 
main CPUs being unusual. Control unit 20A outputs 1 to the gate drive circuit section 42 as 
logical level of the assistant inhibiting signal SB from the assistant prohibition section 39 then. 
And control unit 20A generates the motor-control signal MS altogether made into an OFF signal 
in the gate drive circuit section 42, and stops impression of the motor voltage VM from the motor 
drive circuit 43 to a motor 8 based on this motor-control signal MS. Then, supply of the motor 
current IM to a motor 8 is stopped, and auxiliary steering torque is not generated, either. 
[0048] When the logical level of the unusual signal SAis 1, in the control mode change section 38, 
by making the 2nd drive control signal C2 into the drive control signal CS, control unit 20Ais 
outputted to the motor mechanical component 40, and carries out feedforward control of the 
motor 8. The motor mechanical component 40 generates the motor-control signal MS, and 
impresses the motor voltage VM to a motor 8 from the motor drive circuit 43 based on this 
motor-control signal MS with the 2nd drive control signal C2 restricted to below predetermined 
current MI. Then, usually, in a motor 8, in the case of feedforward control, the motor current IM 
below predetermined current MI flows, and the auxiliary steering torque corresponding to this 
motor current IM occurs. Even when rotation of a motor 8 stops suddenly by rack thrust reliance 
and the counter-electromotive-force component (K-N component in a formula (1)) of a formula (1) 
is set to 0, moreover, control unit 20A At the time of feedforward control, since the drive current 
by the 2nd drive control signal C2 is made below into predetermined current MI, the maximum 
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of the momentary current from which drive current is momentarily increased by the rate of 
increase by the property of a motor 8 etc. can also be restricted. Therefore, motor current IM 
flows as a momentary current restricted to the motor 8, and a momentary current excessive like 
it destroys does not flow to Power 43a-FET 43d. For example, if the rate of increase at the time of 
becoming a momentary current is an increase of 40%, since the drive current by the 2nd drive 
control signal C2 will be restricted to below 80A, a momentary current is restricted to a motor 8 
below at 112A. Incidentally, although the drive current by the 2nd drive control signal C2 is 
restricted to below predetermined current MI at the time of feedforward control, the steering 
feeling at the time of steering (when the steering torque T is small) does not usually change with 
the time of feedback control. 

[0049] In addition, control unit 20A judges with the main CPUs being unusual, when the relation 
between the steering torque signal T and the drive control signal CS is in assistant keepout area 
M3a of a map M3, and M3a in the assistant prohibition section 39 (refer to (c) view of drawing 4 ). 
Control unit 20A outputs 1 to the gate drive circuit section 42 as logical level of the assistant 
inhibiting signal SB from the assistant prohibition section 39 then. And control unit 20A 
generates the motor-control signal MS altogether made into an OFF signal in the gate drive 
circuit section 42, and stops impression of the motor voltage VM from the motor drive circuit 43 
to a motor 8 based on this motor-control signal MS. Then, supply of the motor current IM to a 
motor 8 is stopped, and auxiliary steering torque is not generated, either. 

[0050] According to electric power-steering equipment 1 equipped with this control unit 20A, at 
the time of feedback control, current limiting of the motor current IM which flows to a motor 8 
can be carried out by feedback of the motor current signal IMO from the motor current detection 
means 21. Moreover, electric power-steering equipment 1 makes the drive current by the 2nd 
drive control signal C2 passed to a motor 8 by the drive current-limiting section 37 below 
predetermined current MI at the time of feedforward control. Therefore, since electric 
power-steering equipment 1 restricts the maximum of a momentary current and does not pass 
excessive motor current IM to a motor 8 even if rotation of a motor 8 stops suddenly and 
rotational speed is set to 0, it does not pass the momentary current as destroying to Power 
43a-FET 43d. 

[0051] Next, with reference to drawing 5 , control unit 20B of the gestalt of the 2nd operation is 
explained. In addition, only meanses to restrict the maximum of the 2nd drive control signal C2 
to control unit 20A of the gestalt of the 1st operation differ, and control unit 20B is the same as 
that of control unit 20A about other composition. Then, in explanation of control unit 20B, the 
sign same about the same composition as control unit 20 A is attached, and the detailed 
explanation about the same composition is omitted. Control unit 20B consists of the motor-speed 
operation part 30, the sensor malfunction detection section 31, the unusual display 32, the 
steering torque amendment section 33, the target current setting section 34, the feedback control 
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section 35, the feedforward control section 36, the control mode change section 38, the assistant 
prohibition section 39, and a motor mechanical component 40. The motor mechanical component 
40 is equipped with the PWM signal generation section 41, the gate drive circuit section 42, the 
motor drive circuit 43, and the duty ratio limit section 44. That is, a control unit B is replaced 
with the drive current-limiting section 37 (refer to drawing 2 ) of control unit 20A, and restricts 
the maximum of the 2nd drive control signal C2 by the duty ratio limit section 44. In addition, 
control unit 20B is equipped with at least two CPUs which perform various operations, 
processing, etc., and is further equipped with an input signal conversion means, a signal 
generation means, a storage means, a power circuit, a motor drive circuit, etc. In addition, with 
the gestalt of this operation, the duty ratio limit section 44 is equivalent to the claim 1 and the 
limit section according to claim 3 of a claim. 

[0052] In addition, in control unit 20B, the direct output of the 2nd drive control signal C2 is 
carried out to the control mode change section 38 from the feedforward control section 36. 
Moreover, in control unit 20B, the unusual signal SA is outputted also to the control mode 
change section 38 and the duty ratio limit section 44 from the sensor malfunction detection 
section 31. 

[0053] The motor-control signal MS from the PWM signal generation section 41 and the unusual 
signal SAfrom the sensor malfunction detection section 31 are inputted, and the duty ratio limit 
section 44 outputs the motor-control signal MS which performed the duty ratio limit to the gate 
drive circuit section 42 by the predetermined ratio at the PWM signal of the motor-control signal 
MS. Motor current IM becomes excessive at the time of the feedforward control which cannot 
perform control based on the motor current signal IMO, and the duty ratio limit section 44 
makes the duty ratio of the PWM signal of the motor-control signal MS below the predetermined 
ratio MD, in order to prevent that excessive current flows as a momentary current at the power 
43a-FET 43d of the motor drive circuit 43. That is, if rotation of a motor 8 stops suddenly at the 
time of rack thrust reliance etc., although the rotational speed of a motor 8 will be set to 0, in the 
case of feedforward control, the motor voltage VM based on the drive current of the 2nd drive 
control signal C2 from the feedforward control section 36 is mostly maintained by the influence 
of control delay at the voltage value at the time of rack thrust reliance. Therefore, as shown in 
said formula (1), motor current IM becomes momentarily excessive. And since excessive current 
(more than 120A) flows as a momentary current to Power 43a-FET 43d, there is a possibility of 
destroying Power 43a-FET 43d. Then, in the case of feedforward control, the duty ratio of the 
PWM signal of the motor-control signal MS inputted into the gate Gl or the gate G2 is made 
below into the predetermined ratio MD, and the motor voltage VM from which maximum was 
restricted to the motor 8 below by the predetermined ratio MD is impressed. Therefore, the 
maximum of the momentary current increased by the rate of increase by the property of a motor 
8 etc. is also restricted, and it is made only for this restricted momentary current not to flow to 
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Power 43a-FET 43d. Even if the drive current by the 2nd drive control signal C2 is increased as a 
momentary current, the predetermined ratio MD It is set below to the duty ratio of the PWM 
signal based on the motor voltage VM for carrying out to below the maximum of the drive 
current set up so that it might become below the current value to which this momentary current 
does not destroy Power 43a-FET 43d by any means. With the gestalt of this operation, you may 
be 50% (it is got blocked and only the motor voltage VM below 6V (=12Vx (5/10)) is continuously 
impressed to a motor 8). Incidentally, it grasps by what the rate of increase when the rotational 
speed of a motor 8 is suddenly set to 0, the drive current of the 2nd drive control signal C2 
increases the predetermined ratio MD, and is set up in consideration of the supply voltage value 
of this rate of increase and the motor drive circuit 43, the current value which destroys Power 
43a-FET 43d. In addition, this predetermined ratio MD is also a duty ratio which does not make 
a motor 8 cause abnormalities absolutely. In addition, after rack thrust reliance, since the 
steering torque by the driver becomes small by rack thrust reliance with time progress, the 
target current of the target current signal IT becomes small and the drive current of the 2nd 
drive control signal C2 becomes small further, the duty ratio of the PWM signal of the 
motor-control signal MS also becomes small. 

[0054] Then, the duty ratio limit section 44 is equipped with predetermined ratio setting section 
44a and duty ratio comparator 44b. Predetermined ratio setting section 44a is equipped with 
storage meanses, such as ROM, and outputs the predetermined ratio MD to duty ratio 
comparator 44b. Only the signal (a PWM signal and OFF signal) inputted into the gate Gl and 
the gate G2 in the motor-control signal MS from the PWM signal generation section 41 is 
inputted into duty ratio comparator 44b. Therefore, the signal (an ON signal and OFF signal) 
inputted into gate G3 and the gate G4 in the motor-control signal MS from the PWM signal 
generation section 41 is directly inputted into the gate drive circuit section 42 from the PWM 
signal generation section 41. Duty ratio comparator 44b outputs the OFF signal over the gate Gl 
or the gate G2 of the motor-control signal MS from the PWM signal generation section 41 to the 
gate drive circuit section 42 as it is irrespective of the logical level of the unusual signal SA. And 
duty ratio comparator 44b outputs the PWM signal over the gate Gl or the gate G2 of the 
motor-control signal MS from the PWM signal generation section 41 to the gate drive circuit 
section 42 as it is, when the logical level of the unusual signal SA is 0 (namely, when it is 
feedback control). Moreover, duty ratio comparator 44b compares the duty ratio of a PWM signal 
and the predetermined ratio MD to the gate Gl or the gate G2 of the motor-control signal MS 
from the PWM signal generation section 41, when the logical level of the unusual signal SAis 1 
(namely, when it is feedforward control). And when the duty ratio of the PWM signal from the 
PWM signal generation section 41 is larger than the predetermined ratio MD, duty ratio 
comparator 44b generates a PWM signal as a duty ratio of a PWM signal, and outputs the 
predetermined ratio MD to the gate drive circuit section 42. On the other hand, duty ratio 
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comparator 44b outputs the PWM signal from the PWM signal generation section 41 to the gate 
drive circuit section 42 as it is, when the duty ratio of the PWM signal from the PWM signal 
generation section 41 is below the predetermined ratio MD. 

[0055] Then, with reference to drawing 1 and drawing 5 , control by control unit 20B in electric 
power-steering equipment 1 is explained. Here, the case where control unit 20B has the normal 
motor current detection means 21, and controls a motor 8 by feedback control, and the case 
where the motor current detection means 21 is unusual, and a motor 8 is controlled by 
feedforward control are explained. In addition, explanation of the control is omitted about the 
explanation which performs the same control as control unit 20A which control unit 20B 
described above. 

[0056] The motor current detection means 21 is not concerned unusually/normally, but control 
unit 20B generates the amendment steering torque signal TH based on the steering torque 
signal T in the steering torque amendment section 33. And control unit 20B sets up the target 
current signal IT based on the amendment steering torque signal TH and a vehicle speed signal 
V in the target current setting section 34. Furthermore, control unit 20B generates the 1st drive 
control signal CI based on deflection deltalM of the target current signal IT and the motor 
current signal IMO in the feedback control section 35. Moreover, control unit 20B generates the 
2nd drive control signal C2 based on the target current signal IT by the feedforward control 
section 36. And when the logical level of the unusual signal SAis 0, in the control mode change 
section 38, by making the 1st drive control signal CI into the drive control signal CS, control unit 
20B is outputted to the motor mechanical component 40, and carries out feedback control of the 
motor 8. Moreover, when the logical level of the unusual signal SA is 1, in the control mode 
change section 38, by making the 2nd drive control signal C2 into the drive control signal CS, 
control unit 20B is outputted to the motor mechanical component 40, and carries out feedforward 
control of the motor 8. Then, control unit 20B generates the motor-control signal MS based on 
the drive control signal CS in the PWM signal generation section 41, outputs the signal over the 
gate Gl and the gate G2 in the motor-control signal MS to the duty ratio limit section 44, and 
outputs the signal over gate G3 and the gate G4 in the motor-control signal MS to the gate drive 
circuit section 42. 

[0057] When the logical level of the unusual signal SAis 0, control unit 20B outputs the signal (a 
PWM signal and OFF signal) over the gate Gl and the gate G2 in the motor-control signal MS 
from the PWM signal generation section 41 to the gate drive circuit section 42 as it is in the duty 
ratio limit section 44. And control unit 20B carries out feedback control of the motor 8 based on 
the motor-control signal MS by which the logic judging was carried out in the gate drive circuit 
section 42. In addition, with the 1st drive control signal CI by which the motor current signed 
IMO which is actually flowing to the motor 8 in the PWM signal generation section 41 was taken 
into consideration, control unit 20B generates the motor-control signal MS, and impresses the 
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motor voltage VM to a motor 8 from the motor drive circuit 43 based on this motor-control signal 
MS. Then, motor current IM flows to a motor 8, and the auxiliary steering torque corresponding 
to this motor current IM occurs in it. Incidentally, even if rotation of a motor 8 stops suddenly by 
rack thrust reliance, since feedback control of the control unit 20B is carried out by the motor 
current signal IMO, it can apply current limiting. Therefore, although the motor current IM from 
which the drive current by the 1st drive control signal CI was increased as a momentary current 
flows to a motor 8, a momentary current excessive like it destroys Power 43a-FET 43d does not 
flow. 

[0058] When the logical level of the unusual signal SAis 1, control unit 20B outputs the OFF 
signal over the gate Gl or the gate G2 in the motor-control signal MS to the gate drive circuit 
section 42 as it is while it restricts the duty ratio of the PWM signal over the gate Gl or the gate 
G2 in the motor-control signal MS from the PWM signal generation section 41 to below the 
predetermined ratio MD in the duty ratio limit section 44 and outputs it to the gate drive circuit 
section 42. And control unit 20B carries out feedforward control of the motor 8 based on the 
motor-control signal MS by which the logic judging was carried out in the gate drive circuit 
section 42. In addition, since control unit 20B has restricted the duty ratio of a PWM signal to 
below the predetermined ratio MD in the duty ratio limit section 44, it impresses the motor 
voltage VM generated with the PWM signal by which the duty ratio limit was carried out to a 
motor 8 from the motor drive circuit 43. Then, usually, with the motor voltage VM restricted to 
below the predetermined ratio MD, in the case of feedforward control, the motor current IM with 
which maximum was restricted to the motor 8 flows, and the auxiliary steering torque 
corresponding to this motor current IM occurs in it. Moreover, even when rotation of a motor 8 
stops suddenly by rack thrust reliance and the counter-electromotive-force component (K-N 
component in a formula (1)) of a formula (1) is set to 0, at the time of feedforward control, control 
unit 20B impressed the motor voltage VM restricted to below the predetermined ratio MD to the 
motor 8, and has restricted the maximum of the drive current passed to a motor 8. Therefore, 
maximum is restricted also for the momentary current momentarily increased by the rate of 
increase by the property of a motor 8 etc. Therefore, motor current IM flows as a momentary 
current **(ed) by the motor 8, and a momentary current excessive like it destroys does not flow 
to Power 43a-FET 43d. 

[0059] According to electric power-steering equipment 1 equipped with this control unit 20B, at 
the time of feedback control, current limiting of the motor current IM which flows to a motor 8 
can be carried out by feedback of the motor current signal IMO from the motor current detection 
means 21. Moreover, electric power-steering equipment 1 restricts the maximum of the motor 
voltage VM with the PWM signal restricted to below the predetermined ratio MD in the duty 
ratio limit section 44 at the time of feedforward control. Therefore, a momentary current 
excessive since the maximum of a momentary current is restricted and excessive motor current 
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IM does not flow to a motor 8, even if rotation of a motor 8 stops suddenly and rotational speed is 
set to 0, like it destroys electric power-steering equipment 1 to Power 43a-FET 43d does not flow. 
Incidentally, although the duty ratio of a PWM signal is restricted to below the predetermined 
ratio MD at the time of feedforward control, the steering feeling at the time of steering (when the 
steering torque T is small) does not usually change with the time of feedback control. 
[0060] As mentioned above, this invention is carried out with various gestalten, without being 
limited to the gestalt of the aforementioned operation. For example, although considered as the 
drive current control section 37 or the duty ratio limit section 44 as a means to restrict the 
maximum of the 2nd drive control signal C2, it does not limit to these meanses. 
[0061] 

[Effect of the Invention] The maximum of the drive current which the electric power-steering 
equipment concerning the claim 1 of this invention passes to a motor since a motor is controlled 
by the limit section based on the 2nd drive control signal by which the maximum limit was 
carried out at the time of feedforward control is restricted. Therefore, even if in the case of 
feedforward control rotation of a motor is suddenly set to 0 and drive current increases this 
electric power-steering equipment as a momentary current, to a motor, the momentary current 
by which the maximum limit was carried out flows by maximum limit of the 2nd drive control 
signal. Consequently, since feedforward control does not pass an excessive momentary current to 
FET, either, electric power-steering equipment does not destroy FET. In addition, this electric 
power-steering equipment does not change with the steering feeling at the time of feedback 
control as a steering feeling at the time of usual steering at the time of feedforward control. 
[0062] Since the electric power-steering equipment concerning the claim 2 of this invention 
restricts the drive current of the 2nd drive control signal to below predetermined current by the 
limit section, even if rotation of a motor is suddenly set to 0 in the case of feedforward control, it 
passes to a motor only the momentary current by which the maximum limit was carried out. 
Consequently, to FET, a momentary current excessive like it destroys does not flow. 
[0063] Only the motor voltage generated below in this predetermined ratio impresses the electric 
power-steering equipment concerning the claim 3 of this invention to a motor in order to carry 
out the PWM drive of the motor with the duty ratio below a predetermined ratio by the limit 
section at the time of feedforward control. Therefore, since electric power-steering equipment 
passes only the following drive current to a motor (resistance of the motor voltage / motor 
generated in a predetermined ratio) even if rotation of a motor is suddenly set to 0 in the case of 
feedforward control, it passes to a motor only the momentary current by which the maximum 
limit was carried out. Consequently, to FET, a momentary current excessive like it destroys does 
not flow. 

[Brief Description of the Drawings] 
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fDrawing 1] It is the whole electric power-steering equipment block diagram concerning the 
gestalt of this operation. 

fDrawing 2] It is the block block diagram of the control unit concerning the gestalt of the 1st 
operation. 

[Drawing 3] It is the translation table of the amendment steering torque signal of the target 
current setting section of drawing 2 , and a vehicle speed signal-target current signal. 
[Drawing 4] It is the map in which the assistant keepout area of the assistant prohibition section 
of drawing 2 is shown, and the property view of the steering torque signal-motor current signal 
which uses (a) when a motor current detection means is normal, the property view of the steering 
torque signal-drive control signal which uses (b) when a motor current detection means is 
normal, and (c) are the property views of the steering torque signal-drive control signal used 
when motor current detection meanses are abnormalities. 

[Drawing 5] It is the block block diagram of the control unit concerning the gestalt of the 2nd 
operation. 

[Drawing 6] In conventional electric power-steering equipment, it is the property view of the 

time-motor current at the time of feedforward control, and the case where there is rack thrust 

reliance is shown. 

[Description of Notations] 

1 ... Electric power-steering equipment 

8 ... Motor 

20, 20A, 20B ... Control unit 

21 ... Motor current detection means 

31 ... Sensor malfunction detection section (fault detection section) 

34 ... Target current setting section 

35 ... Feedback control section (the 1st drive control signal generation section) 

36 ... Feedforward control section (the 2nd drive control signal generation section) 

37 ... Drive current-limiting section (limit section) 

38 ... Control mode change section 

40 ... Motor mechanical component 

41 ... PWM signal generation section (PDM signal generation section) 
44 ... Duty ratio limit section (limit section) 

S ... Steering system 

TS ... Steering torque sensor 
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[Drawing 4] 
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fDrawing 5] 
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[Drawing 6] 
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